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Click chemistry derived sugar-based surfactants with various shapes: synthesis 
and physical studies 
Abstract: 
Surfactants are important bulk chemicals with diverse applications in various 
fields, ranging from food over detergents to industrial products like lubricants. Growing 
environmental awareness and limitation of petrochemical resources have shifted the 
focus towards the utilization of renewable resources. Good candidates are sugar based 
surfactants. A series of new surfactants were prepared by click chemistry using 
functionalized glucosides as the hydrophilic domain. Variations of the molecular 
structure led to three different shapes, i.e. Y-shape, X-shape and reverse Y-shape, 
referring to the geometric arrangements of the hydrophobic and hydrophilic domains, 
respectively. Since the shape of a surfactant affects its molecular assembly behaviour, 
each surfactant type gives rise for specific applications. Despite the application of multi-
step syntheses, reasonable overall conversions yields, ranging from 20 to 55%, were 
obtained. The surfactants were characterized by NMR spectroscopy (
1
H as well as 
13
C) 
and mass spectrometry, and their physical behaviour was investigated by optical 
polarizing microscopy and systematic surface tension measurements of aqueous 
solutions to determine the CMC. Except for one hydrophobic dominant reverse-Y-shape 
compound all surfactants exhibited very low Krafft temperatures, indicating good 
molecular solubility in water.  The surface dominance of the hydrophilic domain, 
especially for X and Y-shape surfactants, led to preferred spherical aggregation in 
water, suggesting good emulsifying properties for oil in water. In fact, some of the 
surfactants led to metastable O/W-emulsions in absence of a polymeric stabilizer and 
required several days to separate. The surfactants may find technical applications 
particularly for water based emulsion systems, like e.g. oil recovery or pharmaceutics. 
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Surfaktan berasaskan gula terbitan dari kimia klik dengan bentuk yang pelbagai: 
Sintesis dan kajian fizikal 
Abstrak: 
 Surfaktan adalah bahan kimia pukal penting yang mempunyai pelbagai 
kegunaan dalam banyak bidang,  merangkumi makanan, bahan cuci dan produk industri 
seperti minyak pelincir. Peningkatan dalam kesedaran terhadap persekitaran dan 
kekurangan sumber petrokimia telah megalihkan  tumpuan terhadap penggunaan 
sumber boleh diperbaharui. Calon yang baik adalah surfaktan berasaskan gula. Suatu 
siri baru surfaktan telah disediakan melalui kimia klik menggunakan glukosida yang 
difungsikan seperti domain hidrofilik. Kepelbagaian dalam struktur molekul telah 
menjurus kepada penghasilan tiga jenis bentuk, iaitu, bentuk-Y, bentuk-X dan bentuk-Y 
terbalik, merujuk kepada susunan geometrik domain hidrofobik dan hidrofilik masing-
masing. Memandangkan bentuk surfaktan mempengaruhi kelakuan penghimpunan 
molekul, maka setiap surfaktan menjurus kepada aplikasi yang khusus. Walaupun 
sintensis melibatkan beberapa langkah, tetapi, hasil keseluruhan adalah munasabah, 
antara 20 ke 55%, telah diperolehi. Surfaktan telah dicirikan menggunakan spektroskopi 
NMR (
1
H dan juga 
13
C) dan spektrometri jisim, serta sifat fizikal telah disiasat 
menggunakan mikroskop polarisasi optik dan ukuran ketegangan permukaan yang 
sistematik bagi larutan akueus untuk menentukan CMC. Semua bahan surfaktan kecuali 
yang mempunyai domain hidrofobik bentuk-Y terbalik mempamerkan suhu Krafft yang 
amat rendah, menunjukkan kelarutan yang baik dalam air. Penguasaan permukaan oleh 
domain hidrofilik terutamanya bagi surfaktan berbentuk-X dan Y menjurus kepada 
penghasilan aggregat berbentuk sfera di dalam air, mencadangkan ciri pengemulsian 
yang baik bagi minyak dalam air. Malah, beberapa surfaktan menjurus kepada 
penghasilan metastabil emulsi minyak-dalam-air tanpa ketiadaan polimer penstabil dan 
memerlukan beberapa hari untuk terasing. Surfaktan boleh digunakan untuk aplikasi 
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teknikal khususnya untuk sistem emulsi berasaskan air, seperti pemulihan minyak atau 
farmaseutikal.  
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 : Introduction Chapter 1
1.1 Introduction 
Synthetic surfactants have become a necessary commodity after their 
introduction in the early 20
th
 century because of their vital functions as cleaning, 
dispersing, emulsifying, and antifoaming agents. Surfactant synthesis involves the 
combination of hydrophilic and hydrophobic molecular regions. The first synthetic 
material used specifically for its surface-active properties was sulfated oil, which was 
introduced in the 19th century as a dyeing aid. This material was obtained by treating 
castor oil with sulfuric acid. In the past century the surfactant synthesis steadily moved 
towards inexpensive and renewable starting materials. (Shinoda, Carlsson, & Lindman, 
1996). To date, the development of surfactants has no limitations. The availability of 
new chemical processes and raw material has resulted in the development of an 
extensive range of new surface-active compounds. Ecologists demand the increase 
of these compounds because of population growth, and surfactant technology is 
geared toward the use of new raw material resources. Environmental issues and 
surfactant shortage, which is expected to escalate, cause a continuous shift in chemical 
developments to utilization of renewable biological resources to ensure sustainable raw 
materials. Surfactants are broadly used in chemical processes, technical lubricant 
applications, pharmaceutical formulations, household products, agricultural chemicals, 
and food, among others. Non-ionic surfactants, which among others provide 
advantages in terms of skin compatibility, are most commonly based on ethylene 
oxides, due to cost effects. However, the slow biodegradation of ethers is a 
considerable disadvantage, particular for large scale household products. A better 
biocompatibility is expected for surfactants that utilize carbohydrates as resources 
instead. Besides reduced environmental impacts, carbohydrates ensure sustainable raw 
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materials as well.  
Glycolipids combine a fatty acid-derived hydrophobic domain with a sugar-based 
hydrophilic head group. These compounds originate entirely form renewable resources 
and are important both scientifically and technically (Hato et al. 1999). The origin of 
the surfactant behaviour is the intrinsic duality of two molecular antipodes, i.e. the 
hydrophobic hydrocarbon chain and the hydrophilic sugars, leading to an intra-
molecular separation that gives rise to supra-molecular assemblies and, hence, surface 
and interphase activity. The biological origin makes sugar-based surfactants less 
harmful to the environment compared with other synthetic surfactants. Besides 
environmental advantages, physicochemical properties of sugar-based surfactants 
makes them interesting for a wide range of applications (Shinoda et al., 1996). 
However, higher economic costs limit the application potential. 
Given the increasing interest in sugar-based surfactants, the main challenge 
remains in their synthesis, especially the connection of the hydrophilic (sugar) to the 
hydrophobic tail. In addition to solubility issues and selectivity, the synthesis of these 
surfactants is complex, because of the formation of isomeric mixtures, resulting in a 
variety of configurations in the carbohydrate domain (Hato et al., 1999). Click 
chemistry is a promising approach to a modular synthesis of sugar-based surfactants, 
because it enables the efficient combination of the two surfactant-antipodes (hydrophilic 
and hydrophobic domains). Sharpless et al. have introduced both the concept as well as 
suitable reactions conditions (Kolb et al. 2001; Rostovtsev et al. 2002). Among these 
the copper-catalyzed azide–alkyne cycloaddition  (CuAAC) is mostly utilized. It can be 
processed both in aqueous and organic solvents and uses inexpensive reagents and 
catalysts. It is versatile with respect to compatibility of functional groups and applies 
mild reaction conditions, while providing a selective stereo-chemical output in high 
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efficiency (Baier, Siebert, Landfester, & Musyanovych, 2012) (Xu, Yao, Fu, & Shen, 
2009). 
1.2 Outline of thesis 
The motivation of this thesis is to synthesize new sugar-based surfactants and to 
study their behavior in W/S/O systems. The surfactants are referred to herein as 
Y-shape, reverse Y-shape and X-shape surfactants, based on the general chemical 
structure reflecting the antipodes of alkyl chains and sugar head groups. The 
different surfactant shapes give rise to specific applications, since the molecules’ 
shape affects the assembly behaviour and the assembly geometry in closely related 
to applications.  
The work in the thesis is organized into several chapters, reflecting different 
aspects. The first chapter gives an introduction on sugar-based surfactants, while 
the second chapter provides the theoretical and experimental background for 
understanding the subsequent chapters. This covers understanding of surfactants 
and their phase behaviour as well as special features of non-ionic surfactants, and 
an introduction to click chemistry. The third chapter is addressing the synthesis of 
Y-shape surfactants, followed by unexpected reaction outcomes observed in 
attempts to synthesize Y-shape surfactants. These involve a base-induced 
cyclization of di-propargylic system to m-substituted toluenes and an incomplete 
coupling (mono-click) of di-propargylic substrates. Subsequent following are 
chapters on reverse Y-shaped sugar-based surfactants and X-shaped sugar-based 
surfactants. Finally, the last chapter draws out conclusion of this work and provides 
recommendations for future research. 
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1.3 Objectives of thesis 
The major objectives of this research work were:  
1. To synthesise sugar-based surfactants with different shapes.  
2. To produce surfactants with a variety of spacers by click chemistry.  
3. To compare physical properties of different shaped surfactants.  
4. To enhance the water-solubility of sugar-based surfactants (surfactants with low 
Krafft point). 
5. To determine the effect of different linkers on the surfactant behavior.  
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 : Motivation and background Chapter 2
2.1 Surfactants (Surface Active Agent) 
     A surfactant (abbreviated form of surface-active agent) is an amphiphilic 
organic molecule. Surfactants contain both hydrophobic (tail) and hydrophilic (head) 
groups, and the presence of these two antipodes determines the physicochemical 
properties of surfactants in a solution (Figure 2-1) for both aqueous and non-aqueous 
media. 
 
 
Figure  2-1. Surfactant molecule showing hydrophilic and hydrophobic components (Kopeliovich, 
2013, http://www.substech.com/dokuwiki/doku.php?id=surfactants) 
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Figure  2-2: Worldwide consumption of surfactants (Janshekar, Inoguchi, Elvira O. Camara 
Greiner, & Ma, 2013) 
The amphiphilic nature of non-ionic surfactants makes the hydrophilic heads of 
the surfactant molecules dissolve in the water phase, while the hydrophobic tails tend to 
aggregate at the interfaces. This way they modify the surface tension of an aqueous 
solution, reducing the surface or interfacial tension and stabilizing foam. In aqueous 
systems surfactant molecules tend to form a layer at the air–water interface until 
saturation is reached. Above the molecular solubility further addition of surfactants to 
the bulk liquid leads to the formation of aggregates (clusters), which are larger than the 
molecular dissolved surfactant. The surfactant self-organizes into micelles, which can 
effectively facilitate the microsolubilization or emulsification of an otherwise insoluble 
organic phase (Oss & Jan, 2008). The critical micelle concentration is the minimum 
surfactant concentration at which the surface or interfacial tension initially reaches the 
lowest value, indicating that the surfactant molecules self-aggregate in solution. 
In recent years, surfactant products have considerably increased. Ceresana 
estimated that the global surfactant market will generate revenues of more than 41 
billion US$ in 2018, assuming an average annual growth of 4.5%, which leads to 
roughly 37% share of the global chemical consumption. Figure 2-2 shows an overview 
of the regional distribution of surfactant market worldwide (Pianoforte, 2012). 
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Surfactants are increasingly distributed and developed for utilization in various 
industries such as detergents, emulsifiers, wetting agents and defoamers for example: 
fabric softeners, formulations and paints. They have emerged as product group with 
highest market volume in the chemical sector. In view of their tremendous 
consumption, the synthesis of surfactants should focus on producing environmental 
compatible materials. The use of renewable resources, such as sugars, provides good 
prospects for this. 
2.2 Classification 
     Surfactant can be classified into two categories based on their source into 
chemical and biological surfactants. Biological surfactants are mostly produced by 
microorganisms during the process of microbial activities. They exhibit unique 
properties, such as mild production condition, low toxicity, high biodegradability and 
environmental compatibility (Desai & Banat, 1997) (Hamme, Singh, & Ward, 2003) 
(Kitamoto, Isoda, & Nakahara, 2002). On the other hand, chemical surfactants are more 
economic. There are numerous classifications for chemical surfactants. An important 
one emphasizes on the charge of the hydrophilic head group; surfactants are grouped 
into ionic (both cationic and anionic), non-ionic and zwitterionic surfactants, as shown 
in Figure 2-3 (Muthuprasanna et al., 2009). 
 
Figure  2-3: Schematic structure of surfactants types. (“How to disperse and stabilize pigments", 
http://www.inkline.gr/inkjet/newtech/tech/dispersion/) 
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The hydrophobic “tail” group of surfactant can range from simple hydrocarbon chains, 
which may be straight or branched, and either saturated or unsaturated, over complex 
aromatics and fluoro-carbon chains to siloxanes. 
2.1.1 Anionic surfactants 
The most common head groups of these surfactants are sulfate, carboxylate and 
sulfonate in combination with sodium or potassium counter ions. The behaviour of 
anionic surfactants is easily affected by the pH of the medium. The acid sensitivity 
decreases in the order carboxylate > phosphate > sulphate ~ sulfonate. Scheme 2-1 
shows the most common types of anionic surfactants. 
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Scheme  2-1: Structure of the most common anionic surfactants. 
2.1.2 Cationic surfactants 
Cationic surfactants are commonly amines and ammonium salts. The vast 
majority of cationic surfactants are imidazolines, benzimidazol, ammonium salt and 
quaternary ammonium compounds (Bajpai & Tyagi, 2006; Kang et al. 2011). Usually 
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amine-based cationic surfactants are applied in protonated state, i.e. at acidic pH. 
Examples are shown in Scheme 2-2. Cationic surfactants find uses in industrial sectors 
such as bitumen emulsifiers, personal care formulations and as softeners and antistatic 
additives particularly for textiles. Owing to high hydrolytic stability their toxicity 
exceeds other surfactant classes (Holmberg, Jonsson, Kronberg, & Lindman, 2002) 
(Alkhatib, 2006). This disfavours their use for bulk products, like detergents. 
 
           
Scheme  2-2: Structure of the most common cationic surfactants (Alkhatib, 2006).  
2.1.3 Zwitterionic surfactants 
     Zwitterionic or amphoteric surfactants consist of two oppositely charges in the 
head group. The positive charge almost invariably is an ammonium ion, while the 
negative charge mostly refers to carboxylates in synthetic surfactants, while phosphates 
are more common for biological analogs. Zwitterionic surfactants are least used owing 
to synthetic obstacles leading to high prices. The common types of this surfactant are 
depicted in Scheme 2-3. They are generally stable in a wide range of pH (acidic and 
baseic media) and exhibit low toxicity; therefore they are used partially in personal care 
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products and antibacterial agent, (Alargova et al., 2003) (FernLey, 1978) (Gawish, 
Hazzaa, Zourab, & El-Din Gebril, 1981)  etc.   
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Scheme  2-3: Structure of some zwitterionic surfactants, R1 and R2 different lengths of alkyl 
group (Holmberg et al., 2002) (Alkhatib, 2006). 
2.1.4 Non-ionic surfactant 
   Non-ionic surfactants have a non-charged polar head group, which either 
comprises of a polyether or polyalcohol (for example sorbitan and sucrose esters, alkyl 
glycoside and, polyethylene glycol ethers). A variety of non-ionic surfactants are 
depicted in Scheme 2-4. Compared to other surfactant types, non-ionic surfactant have 
advantage, since they are less sensitive to electrolytes and much less strongly binding to 
biomolecules (like proteins) (Holmberg et al., 2002) (Alkhatib, 2006). Lower toxicity, 
compatible with other surfactant types and compatibility with high salinity media add 
on to the advantages. Because of that, they are the most common surfactants used in the 
wide field of scopes. Non-ionic surfactants can be divided into esters, ethers and amides 
based on the nature of the linkage between the hydrophilic and hydrophobic domain. 
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Scheme  2-4: Structure of the most common cationic surfactants. 
2.2 Phase behavior 
Surfactant molecules consist of hydrophilic and lipophilic domains. The 
presence of these incompatible regions makes them amphiphilic. When surfactants are 
dispersed in water, they adsorb at the air-water interface. The hydrophilic domain 
interacts with water, while the lipophilic (hydrophobic) domain points towards the air, 
i.e. away from the water. When the air-water interface is saturated with surfactants 
additional surfactant forms aggregates, which are termed ‘micelles’. This aggregate 
formation is illustrated in Figure 2-4. 
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Figure  2-4: Behaviour of surfactant molecules in water. (“Greener Industry,” http://greener-
industry.org.uk/pages/protecting/protecting_3_pop_up.htm)  
The self-assembly of surfactants in micelles occurs at short time scales 
(Aniansson & Wali, 1974; Jensen et al., 2013).The hydrophobic domain of the 
surfactant forms the core of the micelles, while the hydrophilic domain ensures 
interaction of the aggregate with the aqueous environment, as depicted in Figure 2-5 
(Aniansson & Wali, 1974; Jensen et al., 2013). The aggregation is driven by 
hydrophobic effect, which can be understood thermodynamically as maintenance of the 
hydrogen-bonding network in water by avoiding disturbances due to the interaction of 
the hydrophobic domain with water molecules. At higher concentration, the self-
assembly of surfactants turns into a macroscopic ordered structure, a liquid crystalline 
phase. Details on these are discussed in section 2.4.    
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Figure  2-5: Self-assembly of surfactant molecules in micelles (Banerjee, 2012). 
2.3 Surfactant molecular structure and related assemblies 
2.3.1 The packing parameter 
 
   The simplest aggregate of surfactant molecules in water or oil is called a micelle, 
and surfactant solutions (water or oil) are commonly referred to as micellar solutions 
(Goyal & Aswal, 2001). Micelles are important in a wide range of fields, such as 
biochemistry, pharmacy, chemistry, and medicine. They are applied for augmenting and 
controlled solubilization, enhancing oil recovery and regulating chemical reaction rates. 
Their presence determines various properties of the surfactant solution, such as 
viscosity,  capacity to solubilize water-insoluble materials and cloud point. 
Micelles may appear in different shapes: (1) relatively small, spherical, and 
prevalent; (2) ellipsoidal, elongated cylindrical (rod-like) micelles with hemispherical 
ends; (3) large, flat lamellar micelles (dislike extend oblate spheroids (Figure 2-6 ) 
(Goyal & Aswal, 2001; Moulik, 1996; Nagarajan, 2002; Milton J Rosen, 2004). The 
shapes may change into each other, for example spherical micelles of sodium dodecyl 
sulfate (SDS) changing into a cylindrical configuration in a saline environment (Moulik, 
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1996; Hayashi & Ikeda, 1980). Parameters such as temperature, overall surfactant 
concentration, pH, ionic strength, surfactant composition and liquid phase additives 
affect both, the aggregation number and the shape of a micelle (Rosen, 2004; Winsor, 
Thornton, & Great, 1968). The calculation principles for the micellar packing shape are 
relatively straight forward. Aggregated structures have lower energy than isolated 
molecules in the solution (Fisher, 2000). However, the actual shape of the aggregate can 
be determined on the basis of the geometry constraints for various micelle shapes and 
the space occupied by the hydrophilic and hydrophobic groups of the related surfactant 
molecules. The packing parameter, whichcan be calculated according to Equation 2.1, is 
facilitated to determine the shape of the micelle (Figure 2-7 ) (Rosen, 2004):  
 VH/Lcao, Eq. 2.1 
where 
VH = volume of the hydrophobic groups in the micelle core.  
ao = optimal cross-section area occupied by the hydrophilic groups. 
Lc = critical chain length (hydrophobic group) in the core. 
Therefore, the packing parameter can be defined as a measure of the curvature of 
the molecular aggregate, that is, the ratio of the tail volume to the optimal head group 
area. A small packing parameter indicates a small tail area with a dominating head 
group, while a large packing parameter reflects either a larger tail area or a small head 
group. Thus, highly curved aggregates (e.g. spheres) in water are attributed to small 
packing parameters, whereas aggregates with less curvature (e.g. vesicles or 
macroscopic bilayers) are attributed to large packing parameters (Figure 2-6) (Fisher, 
2000). 
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Figure  2-6: Packing parameter of a surfactant molecule and correlated assembly structures 
(Balazs & Godbey, 2011). 
2.3.2 Liquid crystals 
More than a century since the discovery of liquid crystal textures, analysis by 
polarizing microscopy has become a primary tool for the characterization and 
identification of different liquid crystalline phases. The molecules in a crystal are 
usually ordered in both position and orientation; this feature can be considered the main 
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difference between a crystal and a liquid, in which neither positional nor orientation 
restrictions apply. Liquid crystals do not exhibit positional order like a liquid. However, 
the orientation of molecules is not at random but reflects a more or less ordered system. 
The assembly of amphiphilic molecules in a solvent, e.g. surfactants in water, gives rise 
to liquid crystalline behaviour, if the assembly gets macroscopic, i.e. exceeds the size of 
a micelle (Rosen, 2004).  
Lyotropic liquid crystals are frequently found in everyday life. For example, 
detergents are often formulated into liquid crystal phases to improve the washing 
performance (foam stabilization), butter for cooking often contain lyotropic liquid 
crystal phases; the outermost layer of the skin and the biological membrane contain 
liquid crystal phases. In conclusion, lyotropic liquid crystals are essential for everyday 
human activities. 
Amphiphilic molecules in the aqueous solution start to assemble in micelles (L1-
phase), which geometric shape depends on the packing parameter of the individual 
surfactants. The viscosity of surfactant solutions increases because of the ordered 
molecular arrangement, particularly for larger assembly dimensions, which reflect the 
formation of liquid crystalline phases (Rosen, 2004). Spherical micelles can easily pack 
into a (discontinuous) cubic liquid crystal (I1-phase). Hexagonal liquid crystals (H1-
phase) form upon close packing of cylindrical micelles, while disc-shaped micelles 
easily turn into lamellar liquid crystals (L-phase). The phases are displayed in Figure 
2-7. In general, surfactants with bulky head groups prefer the hexagonal phase, whereas 
surfactants with two hydrophobic chains favour the lamellar phase. The increase of the 
surfactant concentration changes the shape of a surfactant assembly, from spherical over 
cylindrical to lamellar. Hexagonal phases are usually encountered at lower surfactant 
concentration than lamellar phases. Some cylindrical micelles become branched and 
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interconnected with increasing surfactant concentration, thus leading to a bicontinuous 
liquid crystalline phase (V1-phase) (Milton J Rosen, 2004).  
 
 
Figure  2-7: Assembly types of surfactants Micelles with cubic (l, V), hexagonal (H), and 
lamellar (L) liquid crystal structures (Kaasgaard & Drummond, 2006). 
2.3.3 Emulsion 
 An emulsion is a ternary mixture of water, an organic liquid that is immiscible 
with water (typically oil) and an amphiphile (surfactant) that mediates miscibility. It is 
considered as a colloidal system. The mixture typically exhibits a turbid milky 
appearance, due to the microscopically separated fluids, giving rise to light scattering 
(Siwakunakorn, 2006). Emulsions are frequently found in everyday life and play an 
important role in a wide range of applications. Examples are mayonnaise, food creams, 
margarine and ice cream (Siwakunakorn, 2006). Applications involve oil recovery, 
liquid–liquid extraction, extraction from chemically contaminated soils, lubricants and 
cutting oils, pharmaceuticals and cosmetics, washing, impregnation, textile finishing, 
and chemical reactions in microemulsions (Schwuger & Stickdornt, 1995). According 
to the nature of the dispersed and continuous phases, emulsion can be classified into two 
categories. The first category contains simple emulsions, i.e. either water-in-oil (W/O) 
emulsion or oil-in-water (O/W) emulsion. In a W/O emulsion, oil is considered the 
continuous phase, while water forms droplets or a dispersed phase; in an O/W emulsion, 
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water is the continuous and oil the dispersed phase (Pichot, 2010; Jiao, 2002; Opawale, 
1997; Dalgleish, 2006). The second category refers to multiple emulsions that can be 
water-in-oil-in-water (W/O/W) or oil-in-water-in-oil (O/W/O) emulsion. The W/O/W 
emulsion consist of water droplets dispersed in oil droplets dispersed in the aqueous 
continuous phase, whereas the O/W/O emulsion consists of oil droplets that are 
dispersed inside water droplets dispersed in an oil continuous phase (Siwakunakorn, 
2006). 
Emulsion stabilization is a major issue in basic research, industry, and life 
science applications. The conversion of a turbid milky emulsion into an optically 
transparent and thermodynamically more stable micro- or nano-emulsion enables a 
visual comparison of relative emulsion stabilities. However, any mixture of water and 
oil would results in an unstable phase, usually leading to quick separation. To enhance 
the emulsion stability, a third component (a surface active agent, “surfactant”) must be 
added as an emulsifier to mediate the interaction of the immiscible fluids and hence 
stabilize the ‘phase’ (Gonzalez, 2009). Thermodynamically unstable emulsions are 
caused by the large increase in the interfacial area of the dispersed phase liquid 
compared with that of the continuous phase liquid. The increase in interfacial area is 
associated with excessive interfacial free energy (according to Equation 2.2) between 
the two immiscible liquids, thus leading to a thermodynamically unstable system that 
tends to revert back to the original two-phase system to minimize the interfacial area.  
                  Eq.  2.2 
where    is the interfacial free energy,   is the interfacial tension, and    is the total 
interfacial area of the dispersed phase.  
A number of micro-emulsion phases structured into microscopic and 
macroscopic assemblies can be formed in the W/S/O system, as shown in Figure 2-6. 
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The phases can be divided into two main groups. The first group includes micelles that 
are built of limited or discrete size such as spherical, prolate, or cylindrical aggregates. 
These micelles are like drops of oil in water, whereas reverse micelles are like drops of 
water in oil (Figure 2-6) (Muthuprasanna et al., 2009) (Tadros, 2013). The second group 
includes complex, unlimited self-assemblies that present macroscopic structures, like 
the hexagonal phase as 1D continuity, the lamellar phase structures as 2D continuities, 
and the bicontinuous cubic phase and sponge phase as 3D continuity (Figure 2-8). 
 
 
Figure  2-8: Micro emulsion phase structured in the W/S/O system and reverse micelle (Eremin , 
2009). 
2.4 Environmental effects and surfactant toxicity  
Surfactants form the largest amount of synthetic chemicals worldwide. They are 
routinely deposited into the aqueous environment in diverse ways, either as part of an 
intended process or by various industrial applications and household wastes. Chemical 
and physicochemical processes are important sources of toxic substance emission into 
the marine environment (Emmanuel et al., 2005). 
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 Surfactants are found in wastewater discharges, sewage treatment plant 
effluents, surface and ground water, and sediments worldwide (M.-H. Li, 2008) 
(Emmanuel et al., 2005). Cation surfactants are strongly sorbed by solid materials, 
particularly clay, whereas anionic surfactants are not appreciably sorbed by inorganic 
solid materials. Both anionic and nonionic surfactants have significant sorptions in 
activated sludge and organic sediments (Columbia, 1999). The toxicity of surfactants is 
indicated by the ability of the compounds to adsorb and penetrate the cell membrane of 
aquatic organisms (M.-H. Li, 2008) (M J Rosen, Li, Morrall, & Versteeg, 2001). The 
main reasons of surfactant toxicity on microorganisms are as follows. The interaction of 
the lipid component of the surfactant with microorganisms leads to the disruption of 
cellular membranes and loss of microbial contents to the exterior. Protein reaction with 
the surfactant molecule is crucial to the cell function of microorganisms (Zhang Xiaoxa, 
2010) (Volkering, Breure, & Rulkens, 1998) (Laha & Luthy, 1991). In addition, 
surfactants that are not toxic by itself can cause toxicity owing to the emulsification of 
highly toxic organic contaminants (Zhang Xiaoxa, 2010) (Shin, Ahn, & Kim, 2005). 
A dramatic example was demonstrated in the Deepwater Horizon oil spill in 
2010, in which more than 200 million gallons of crude oil was released into the Gulf of 
Mexico (Figure 2-9) (Goldsmith et al., 2011) (Foley, 2012). In order to minimize the 
adverse effects associated with the oil spill, the application of surfactants was the 
optimum solution applied to emulsify the oil slick on top of water to help dissipate and 
degrade the oil (Judith Taylor, 2010). At the end of the acute crisis, 1.8 million gallons 
of co-dispersant surfactants (9500A di-octyl sodium and sulfosuccinate Doss) were 
transported to the deep-water oil plumes in the gulf. Although the flow of oil and gas 
was stopped, researchers continued to evaluate the use of surfactants in the cleanup and 
their long-term effects on the environment and human health (Reddy CM, Arey JS, 
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Seewald JS, Sylva SP, Lemkau KL, Nelson RK, Carmichael CA, McIntyre, CP. 
Fenwick J, Ventura GT, Van Mooy BA, 2011).  
   
Figure  2-9. Deepwater Horizon. Dispersant was pumped directly into the deep-water blowout 
during the Gulf of Mexico disaster BP (“Dispersant use during the BP Deepwater 
Horizon oil spill,” 2011) 
2.5 Sugar based surfactants 
   At the end of 20
th
 century, the synthesis of surfactants from petroleum-based raw 
materials gradually declined. A reason is limited resources of petroleum, which resulted 
in considerably high prices. Besides, growing environmental and health concerns, 
discouraged the use of phosphorous and highly branched alkenes, which cause 
eutrophication affect biodegradation processes (Ogawa & Osanai, 2012). The extensive 
surfactant use in various applications in household products, personal care, and enhance 
oil recovery enhancement has led to harmful effects because of their large-scale releases 
to the environment, resulting in toxicity to aquatic organisms (Beach & Wendy, 2011). 
Thus, new types of surfactants that emphasize on sustainable resources and 
biocompatibility are necessary. Utilizing biologically renewable resources, such as 
sugar-based surfactants, is recommended. Sugar surfactants can be classified into 
glycoside [example, polyglucoside (alkyl polyglucosides, APGs)], alkyl glucamides, 
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and sugar esters on the basis of the chemical linkage of the two components, i.e. sugar 
and lipid. These biodegradable surfactants exhibit surface-active properties and low 
human toxicity, which are attributed to their natural components and linkages. These 
surfactants are also derived from natural and renewable sources, adding to the benefits 
of a green chemical industry. Therefore, replacing traditional surfactants with more 
environmentally benign compounds is becoming a trend (Piispanen, 2002). 
 The main characteristics of sugar-based surfactants (Figure 2-10) are the 
hydrophilic groups in their polar moiety. Many possibilities for linkage (spacer) 
between the hydrophobic alkyl chain and hydrophilic sugar head group exist, which 
together provide unique physicochemical properties to the surfactants. This structural 
characteristic is becoming highly desirable for commodity surfactants and has been paid 
much attention by various researchers in surface and colloidal science from both 
fundamental and technological perspectives (Fukada, 2000). 
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Figure  2-10: Sugar-based surfactants and their physicochemical properties (Goodby et al., 2007) 
 A new generation of bio-related surfactants has emerged. Besides enhanced 
biodegradability and sustainability of resources, their physicochemical properties 
provide additional advantages over classic surfactants. All specimens belong to the class 
of non-ionic surfactants, and include APGs, sorbitan esters and methyl ester glucosides. 
To enhance the variety, sugar-based surfactants can subsequently be chemically 
modified. However, surfactants made from glucose, which is widely found in nature, 
suffer form synthetic limitations (von Rybinski & Hill, 1998). The first challenge is 
selectivity, owing to the number of hydroxyl groups present in carbohydrates. Typically 
this demands for the application of protecting and activating groups and/or catalysts, 
including enzymes. Several studies have investigated this approach and found potential 
ways to form suitable linkages at different positions of the sugar to produce numerous 
products involving various carbohydrates (Rodrigues, Canac, & Lubineau, 2000) 
(Carpenter, Kenar, & Price, 2010) (Hersant et al., 2004) (Ranoux, Lemiègre, Benoit, 
Guégan, & Benvegnu, 2010) (Foley, Phimphachanh, Beach, Zimmerman, & Anastas, 
2011). The different solubilities of fatty acid or alcohols, resembling the hydrophobic 
region, and carbohydrates, which form the basis for the hydrophilic head group, impede 
their reaction owing to limitations on the reaction medium that has to be equally 
suitable for both components. Another obstacle is the purification of surfactants, which 
particularly suffers from the same high interaction potential with various compounds 
that makes the surfactant highly useful in the first. However, the by far highest 
challenge is production costs, referring to not only cost-effective resources but an 
efficient and economic production method as well. Nonetheless, sugar-based surfactants 
have recently become the most promising surfactants because of their broad 
applications, multi-functionality, competitive price, high product safety, and 
environmental compatibility (Fukada, 2000). 
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2.6 Click chemistry introduction 
2.6.1 Fundamentals of click chemistry 
Recent developments in biological screening led to a paradigm shift in drug 
development. While previously biological activity tests resembled the rate-determining 
step, today automatized multi-sample assays enable an extreme fast screening. Due to 
this, the isolation or synthesis of potential active compounds is now limiting the 
screening of potential drugs. This led to the demand of a methodology that enables fast 
preparation and purification of small amounts of compounds with high structural 
diversity. Sharpless et al. recognized that typically applied methods in drug discovery 
could not cope with that demand. Instead of a wide array of chemical reactions, many of 
them requiring extensive treatments of reaction solvents, he suggested to focus on only 
a few but highly efficient and selective reactions. This led to the concept of click 
chemistry. (Kolb et al., 2001) (Weissleder, Ross, Rehemtulla, & Gambhir, 2010). Click 
chemistry refers to reactions that are modular and have a wide in scope, but provide 
high chemical yields, and only generate harmless by-products. Moreover, the process 
must be stereospecific and provide physiologically stable structures. Besides, the 
reaction should not be sensitive to oxygen or water, thus enabling the utilization of 
standard commercial solvents (Lewis et al., 2002) (Manetsch et al., 2004) (Akeroyd & 
Klumperman, 2011) (Such, Johnston, Liang, & Caruso, 2012). The concept was 
developed in parallel with synthetic libraries, aiming for the same target.  
2.6.2  Azide–alkyne cycloaddition: the basics    
Organic azides and alkynes are largely inert towards both biological molecules 
and aqueous environments. However, Huisgen et al. reported the 1,3-dipolar 
cycloaddition of these two functional groups, which is now commonly known as the 
Huisgen cycloaddition (Huisgen, Knorr, Möbius, & Szeimies, 1965). Unfortunately the 
reaction required elevated temperatures and often produced mixtures of the two 
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regioisomers when applying asymmetric alkynes. Various attempts to control the 
regioselectivity have been reported, but without much success (Tornøe, Christensen, & 
Meldal, 2002) (Appukkuttan, Dehaen, Fokin, & Eycken, 2004) (Rostovtsev et al., 
2002). The reaction only gained a boost of interest after the discovery of a copper-
catalyst by Meldal and coworkers (Tornøe et al., 2002) and Sharpless and coworkers 
(Rostovtsev et al., 2002), which exclusively yielded the 1,4-disubstituted 1,2,3-triazole. 
2.6.3 Fundamental of organic azide 
     Azide is the anion with the formula N3
−
. It a linear anion that can be represent by 
several resonance structures, an important one being N
−
=N
+
=N
−  
(Bräse, Gil, Knepper, 
& Zimmermann, 2005). The aliphatic azido group is also linear, with the Nα in a sp2 
hybridization state carrying a lone electron pair while the other nitrogens can be 
considered as sp-hybridized (Cenini et al., 2006). There are several methods for the 
synthesis of organic azides, but most of these are prepared directly or indirectly from 
sodium azide (Turnbull & SCRIVEN, 1988).   
2.6.4 Mechanistic aspects of the Copper-catalyzed azide–alkyne cycloaddition 
(CuAAC) 
      Since its discovery in the last decade by Sharpless and co-workers, the CuAAC, 
i.e. the coupling of terminal alkynes and organic azides catalyzed by a Cu(I)-catalyst, 
has become the most popular reaction for applications technique in chemistry, biology, 
and material science (Oyelere, Chen, Yao, & Boguslavsky, 2006). The dipolar character 
and the relative instability of the azido group enables nucleophiles to attack at the 
electrophilic terminal nitrogen, whereas the more electron-rich alkyl N can react with 
electrophiles and coordinate to transition metals, as indicated in Figure 2-11 (Hein & 
Fokin, 2010a). 
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Figure  2-11 2: Common reactivity patterns of organic azides (Hein & Fokin, 2010a). 
     The copper-catalyzed (CuAAC) reaction mechanism is complex, and some aspects 
are still unclear, such as the form of the copper acetylide intermediate. However, the 
mechanism proceed in a stepwise manner starting with the generation of copper (I) 
acetylide. In the presence of a base, the terminal acetylene hydrogen, being the most 
acidic, is deprotonated first to give a Cu acetylide intermediate. The azide is then 
activated by coordination to copper forming another intermediate. In the next step, the 
nucleophilic carbon on the copper (I) acetylide reacts with the electrophilic terminal 
nitrogen on the azide and a strained copper metallacycle forms. This is followed 
by protonation; the source of proton is the hydrogen, which was pulled off from the 
terminal acetylene by the base. The metallocycle undergoes ring contraction and the 
triazole product is formed by dissociation, which regenerates the copper catalyst for 
further reaction cycles (Himo et al., 2005) (Akeroyd & Klumperman, 2011) (Hein & 
Fokin, 2010a). The process is depicted in Scheme 2-5. 
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Scheme  2-5: Proposed mechanistic pathways for the Cu(I)-catalyzed azide-alkyne cycloaddition  
(Straub, 2007). 
2.6.5 The effect of solvent on the reaction yield of CuAAC 
      In general, the copper-catalyzed azide-terminal alkyne cycloaddition (CuAAC) 
is well known as a mild reaction, which can be processed under a wide range of 
conditions. It is among the most useful tools for building new molecular architectures, 
because it is compatible with most common functional groups. A wide range of protic 
and aprotic solvents (such as THF, EtOH, DMSO and tert-butanol) including water, has 
been utilized for the CuAAC reaction since its discovery. Recently, Lee et al. (Lee, 
Park, Jeon, & Kim, 2006), have reported a two phase system involving dichloromethane 
and water for the CuAAC reaction, and found that the yield and the rate of reaction 
significantly increased compared to other organic solvent systems.  
2.6.6 Click chemistry reaction in a wide range of synthesis application 
Click chemistry is a promising technique to engineer the architecture and 
function of materials (Dedola, Nepogodiev, & Field, 2007a; Lutz & Zarafshani, 2008; 
Meldal & Tornøe, 2008; Such et al., 2012) The synthesis of 1,2,3-triazole is attracting 
much attention because of its key characteristics, such as the reactants are easy to 
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introduce, highly specific and stabile (generally inert to severe hydrolytic, and oxidizing 
conditions, even at high temperature), while the reaction product is chemically and 
biologically stable (Hein & Fokin, 2010a) (Avti, Maysinger, & Kakkar, 2013) (Kwak, 
Moon, Choi, Murugan, & Park, 2013). Given the high efficiency of the Cu-catalyzed 
1,2,3-triazole synthesis, numerous studies have applied click chemistry in diverse fields. 
Dedola et al. (2007) provided a survey that highlights the synthesis of simple glycoside 
and oligosaccharide mimetics, glyco-macrocycles, glycopeptides, glyco-clusters, and 
carbohydrate arrays. Akeroyd and Klumperman (2011) reviewed the application of click 
chemistry in conjunction with living radical polymerization (LRP) for the synthesis of 
advanced macromolecular architectures (Scheme 2-6).  
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Scheme  2-6: Dextran RAFT agent prepared via click chemistry (adapted from Akeroyd & 
Klumperman, 2011). 
Pourceau and co-workes (Pourceau, Meyer, Vasseur, & Morvan, 2008) have 
reported the synthesis of di-, tri-, and tetragalactosyl clusters bearing a phosphodiester 
linkage based on solid support involving a polyalkyne scaffold by that was coupled with 
an azidoalkyl galactoside in CuAAC fashion, as depict in Scheme  2-7. 
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Scheme  2-7: Di-, tri-, and tetragalactosyl clusters were  synthesized using using CuAAC 
reaction (Pourceau et al., 2008). 
Recently, the synthesis of symmetrical bis-triazole using copper-catalyzed azide- 
alkyne cycloaddition (CuAAC) has received considerable interest based on related 
coordination chemistry properties (Schuster, Yang, Raubenheimer, & Albrecht, 2009) 
(Albrecht, 2008) (Karthikeyan & Sankararaman, 2009) (Nakamura, Terashima, Ogata, 
& Fukuzawa, 2011) (Heckenroth, Kluser, Neels, & Albrecht, 2008), (Stefani, 
Canduzini, & Manarin, 2011). Many symmetrical and unsymmetrical bis-triazoles have 
published (Aizpurua et al., 2010) (Fiandanese, Bottalico, Marchese, Punzi, & 
Capuzzolo, 2009) (Doak, Scanlon, & Simpson, 2011) ( omero,  renes, T rraga,   
Molina, 2013). Besides, a number of monosubstituted and di-substituted ferrocene-
coupled triazoles have been prepared by using the copper-catalyzed click reaction, as 
shown in Scheme 2-8. 
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Scheme  2-8: Preparation of 1-Substituted Ferrocene-Triazoles : a conditions: (a) CuSO4·5H2O, 
sodium ascorbate, THF/H2O, room temperature; (b) CH2Cl2, (MeO)3BF4, room 
temperature; (c) BuNF (TBAF),CuSO4·5H2O, sodium ascorbate, THF/H2O, 
room temperature (Romero et al., 2013). 
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 : New Y-shaped surfactants from renewable resources Chapter 3
 
3.1 Introduction  
The concept of sugar-based surfactants via a Fischer glycosylation leading to 
surfactants with high water solubility is very interesting from both ecological and 
industrial perspective (Salkar, Minamikawa, & Hato, 2004). Attractive features involve, 
the exclusive utilization of renewable resources, i.e. a carbohydrates and fatty acids, 
which constitute the most abundant groups of natural products, and the perspective of 
an environmentally friendly product (Korchowiec, Baba, Minamikawa, & Hato, 2001) 
(Nilsson, Soderman, & Johansson, 1998). Given the increasing interest in sugar-based 
surfactants, the main challenge remains in their synthesis (glycoside surfactants). This is 
attributed to the limited miscibility of the two components, i.e. the hydrophilic 
carbohydrate and the hydrophobic hydrocarbon chain. Only short chain alcohols can act 
as solvents for both reactants, but unfortunately give rise to non-surfactant impurities in 
alkyl poly glycosides (APGs). Moreover, the solubilization of reducing carbohydrates, 
like glucose, requires high temperature. In addition to solubility issues and 
selectivity, the synthesis of these surfactants is complex because of the formation 
of isomeric mixtures, resulting in a variety of conformations in the carbohydrate 
domain (Masakatsu Hato et al., 1999). Click chemistry is a promising approach to the 
modular synthesis of sugar-based surfactants because it enables the efficient 
combination of the two surfactant antipodes (hydrophilic and hydrophobic domains). 
These leads to alkyl triazole glycoside (ATG) surfactants (Sani, Heidelberg, Hashim, & 
Farhanullah, 2012), exhibiting similar surfactant behaviour than APGs, but they can be 
prepared at significantly lower temperature. However, our concept is to synthesize a 
new classes of non-ionic surfactants exhibiting a three-armed (Y) shape, combining two 
parallel carbohydrate molecules as hydrophilic head group with one hydrocarbon chain. 
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The linkage between the two units was employed click chemistry coupling (Sani et al., 
2012). The surfactant type was expected to provide high solubility in water.   
3.2 Materials and methods  
3.2.1 Chemicals  
   Chemicals were purchased from commercial sources and were used without 
further puriﬁcation. TLC was performed on precoated plates of silica gel 60 (GF254 by 
Merck), and developed by treatment with 15 % ethanolic sulfuric acid and subsequent 
heating. Column chromatography was performed by the flash technique on silica gel 35-
60 mesh (Merck).  
 3.2.2 Characterization and determination of interfacial properties 
Structural identities are based on NMR spectra (
1
H and 
13
C, recorded on a 
Bruker AVN-400 MHz spectrometer). Matrix-assisted laser desorption/ionization 
(MALDI) time of flight (TOF) mass spectra were recorded at the Mass Spectra Service 
Centre of the National University of Singapore on a Shimadzu/Kratos (Columbia, MD) 
AXIMA CFR mass spectrometer in reflectron mode. The samples were co-precipitated 
with 2,5-dihydroxy-benzoic acid (DHB, 5mg/100µl in MeOH/H2O 1:1) and were 
irradiated by a N2-laser at λ =335 nm. For an analysis of the physicochemical 
properties, all solutions were prepared by using distilled water. The surface tension was 
measured with a KSV Sigma 702 tensiometer,using the DuNouy ring method. Surface 
tension measurements of aqueous solutions of the surfactant product were recorded at 
25±0.1C under atmospheric pressure. The critical micelle concentration (CMC) value 
was assessed at the intersection of the linear portions of the plot of the surface tension 
against the logarithm of the surfactant concentration. The surface tension at this 
intersection point is called the surface tension at CMC. The experiments were repeated 
twice with high repeatability and the curves coincided.  
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The phase behaviour of the glycolipids was investigated lyotropically under the 
Optical Polarizing Microscope (OPM) (Olympus BH-2 OPM equipped with Mettler 
FF82 hot stage and Mettler FP80 Central Processor) using the contact penetration 
technique (Milkereit et al., 2005; von Minden et al., 2000). Two different solvents were 
applied at room temperature (around 27 ºC), one of which is polar (water), while the 
other one is non-polar (1-undecanol).  
3.2.3 Krafft and cloud points  
The measurement of the Krafft temperature, Tk, applied heating of an ice cooled 
surfactant solution, 1 % (m/m), on a hotplate stirrer with temperature controller at a rate 
of 5 °C min
-1
 over the range from 10 to 100 °C. The sample was optically monitored for 
changes of transparency. Similarly, surfactant solutions of 10 mM concentration were 
heated at same rate to determine the cloud point. 
3.2.4 Preparation and Stability of the Emulsion  
Emulsion was prepared based on a ratio of 19 parts water and 1 part oil. A 
surfactant concentration of 0.5% surfactant was applied and the mixtures were mixed 
with a homogenizer (T10 basic, IKA) for approximately 2 minutes at room temperature 
at a speed of 14,450 rpm. The emulsion samples were stored at room temperature and 
monitored on phase separation over a period of a few weeks.    
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3.2.5 Experimental  
 
3.2.5.1 Dimethyl 2,2-di(propynyl)malonate  
A procedure similar to that reported in literature (Carney, Donoghue, Wuest, 
Wiest, & Helquist, 2008) was employed. Dimethyl malonate (6.0 mL, 52 mmole) was 
added dropwise to a suspension of sodium hydride (60 % wt in mineral oil, 4.22 g, 
105.5 mmol) in  dry THF (100 mL) which was stirring at 10°C. Then the reaction 
mixture was left stirring for 10min., and then propargyl bromide (80 % wt. In toluene, 
12.0 mL, 107.7 mmol) was added dropwise.  The reaction mixture was warmed to room 
temperature and stirred for overnight. The reaction mixture was extracted three times 
with water and Et2O. The combine organic  phases were washed with brine water, dried 
over MgSO4, filtered and concentrated on a rotary evaporator leaving white solid. The 
solid was crystallized from ethyl acetate to give 9.44 g of a crystalline white solid (84 % 
yield). 
 
3.2.5.2 4,4-Di(hydroxymethyl)-1,6-heptadiyne (5)  
Lithium aluminium hydride (1.2 g, 32.43 mmol) was added to stirred solution of 
the Dimethyl 2,2-di(propynyl)malonate (3.0 g, 14.42 mmol) in anhydrous THF at 10 ° 
C. The reaction mixture was allowed to warm to room temperature and stirred for 
overnight. 1.2 mL of water was added slowly to stop the reaction, an aq. 10 % NaOH 
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solution (1.2 mL), and then additional water (3.6 mL). Then the reaction mixture was 
left to stir for around 30 min. until the suspended solids become white. The reaction 
mixture was filtered and the solid rinsed with CH2Cl2, the filtrate dried over MgSO4 and 
concentrated in a rotary evaporator to produce 2.0g colorless crystal (91% yield). 
1
H 
NMR (CDCl3) δ= 3.71 (s, 4H, 2x OCH2); 2.35 (d, 4H, 2x CH2 propargyl); 2.05 (t, 2H, 
2x CH propargyl). 
13
C NMR (CDCl3) δ= 80.35 (2x C =CH); 71.19 (2x C= CH); 66.21 
(2x CH2OH); 42.00 (C quaternary); 21.80 (CH2 propargyl).
 13
C NMR (CDCl3) δ
=80.34 (2x C =CH); 71.22 (2x C= CH); 66.26 (2x CH2OH); 42.08 (C quaternary); 
21.65 (CH2 propargyl).  
 
   3.2.5.3 Lauraldehyde dipropargyl acetal (6) 
A mixture of lauraldehyde (4.6 g, 24.9 mmol), (3.5 mL, 62.3 mmol, 2.5 eq.) 
propargyl alcohol, (0.9 g, 4.7 mmol) p-toluenesulfonic acid monohydrate, (20mL) 
toluene, and 4 g of 4 Å molecular sieves was stirred at 60 °C for 4h in vacuum system. 
The mixture was quenched with triethylamine (5mL), washed with saturated   NaHCO3, 
2N KOH and dried over MgSO4. The solution was concentrated to give a pale yellow 
oil (5.35 g. yield 74 %). 
1
H NMR (MeOD, d4) δ= 4.8 (t, 1H, CH (OCH2)2 acetal); 
J=5.66; 4.24 (2x m, 2H, 2x OCH2CH); 2.42 (2x t, 1H, 2x C=CH propargyl); J= 2.42; 
1.65 (m, 2H, α-CH2); 1.38 (m, 2H, B-CH2); 1.20-1.34 (m, 16H, bulk-CH2); 0.88 (t, 
3H, CH3); J=6.76; 
13
C NMR (MeOD, d4) δ= 103.0 (CH acetal); 80.9 (2x C =CH); 75.5 
(2x C= CH); 54.2 (2x OCH2), 34.4 (α-CH2); 33.14 (B-CH2); 30.83, 30.76, 30.74, 30.53 
(bulk-CH2); 25.54 (∞-1 CH2); 23.80 (∞-CH2); 14.59 (CH3).  
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3.2.5.4  5,5-Bis(2-propynyl)-2-undecyl-1,3-dioxane (7)  
A mixture of lauraldehyde (1.92 mL, 8.68 mmol), (1.5 g, 9.85 mmol, 1.1 eq) 
4,4-di(hydroxymethyl)-1,6-heptadiyne, (0.9 g, 4.7 mmol) p-toluenesulfonic acid 
monohydrate, (20 mL) toluene, and 4 g of 4 Å molecular sieves was stirred at 60 °C for 
4h in vacuum system. The mixture was quenched with triethylamine (5 mL), washed 
with an aqueous solution of NaHCO3, 2N KOH and dried over MgSO4. The solution 
was concentrated to give a dark yellow oil (2.5 g. 80 % yield).  
1
H NMR (CDCl3) δ= 
4.46 (t, 1H, CH-acetal); 3.98, 3.63 (2x d, 4H, 2x OCH2CH); 2.72, 2.19 (2x d, 2H ,2x  
CCH2 propargyl), J= 2.85; 2.05 (q, 2H, 2x CH propargyl), J=2.76; 1.62- 1.67 (m, 2H, 
CHCH2 chain); 1.47-1.22 (m, 20H, bulk-CH2); 0.91 (t, 3H, CH3). 
13
C NMR (CDCl3) δ
= 102.75(CH acetal); 80.65 (2x C =CH); 78.56 (2x C= CH); 71.56, 71.18 (2x OCH2), 
35.16 (α-CH2); 34.75 (C quaternary); 29.65, 29.63, 29.56, 29.54, 29.50, 29.35 (bulk-
CH2); 23.89 (CH2 propargyl); 22.69 (B-CH2); 22.54, 22.36 (∞, ∞°, CH2); 14.12 
(CH3).  
 
3.2.5.5 N,N-dipropargyl dodecylamine (10) 
      Dodecyl amine (2g, 10.7mmol) and K2CO3 (3.1 g, 22.6 mmol, 2.1 eq.) were 
suspended in acetonitrile. (2.5 mL, 22.6 mmol) propargyl bromide was added dropwise 
to the mixture and stirred at room temperature for 24h. The reaction mixture was 
filtered and the resulting solution was concentrated on a rotary evaporator yielding 
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yellow oil. The crude oil was purified by flash chromatography on a silica gel column 
using chloroform as eluent, resulting in 2 g of clear oil (yield 71 %). 
 1
H NMR (CDCl3) 
δ=3.43 (t, 4H, N[CH2C]2); 2.51 (t, 2H, CH2N); J=7.60; 2.20 (quartet, 2H, 2x =CH); 
1.46 (m, 2H, α-CH2); 1.34-1.19 (m, 18H, bulk-CH2); 0.88 (t, 3H, CH3); 
13
C NMR 
(CDCl3) δ=78.88 (2x CH2CCH); 72.74 (2x CH2CCH); 53.08 (α-CH2N); 42.14 (2x 
NCH2C); 31.88 (-CH2); 29.62, 29.59, 29.54, 29.47, 29.30 (bulk-CH2); 27.44, 27.31 (ω-
1,ω’-1);  22.64 (ω-CH2); 14.04 (CH3). 
 
3.2.5.6  p-dodecanoxybenzaldehyde 
The compound was prepared similarly according to literature (Liu & Houghton, 
2012). P-hydroxybenzaldehyde (5 g, 40.9 mmol) was dissolved in 50 mL DMF, (16.8 g, 
122mmol) K2CO3 and (11.7 mL, 49.2 mmol) 1-bromododecane were added to the 
solution. The reaction mixture was stirred for 4h at 80 °C, then removed the DMF by 
rotary evaporator, added water and extracted ethyl acetate. The combine organic phases 
was washed with brine water, dried over MgSO4 and concentrate in rotary evaporator. 
The product was purified by flash column chromatography using 20 % ethyl acetate in 
hexane as eluent to resulting 11.6 g as a brown liquid (98 % yield).  
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3.2.5.7 2-(4(dodecyloxy)phenyl)-5,5-bis(2-propynyl)-1,3-dioxane (11)  
A mixture of p-dodecanoxybenzaldehyde (2.0 g, 6.88 mmol), (1.2 g, 7.89 mmol, 
1.1 eq.) 4,4-di(hydroxymethyl)-1,6-heptadiyne, (0.9 g, 4.7 mmol) p-toluenesulfonic acid 
monohydrate, (20 mL) toluene, and 4 g of 4 Å molecular sieves was stirred at 60 °C for 
4h in vacuum system. The mixture was quenched with triethylamine (5 mL), washed 
with an aqueous solution of NaHCO3 and 2N KOH, dried over MgSO4 and concentrated 
in rotary evaporator. The product was purified by flash column chromatography using 
hexane as eluent to resulting 2.1 g as a yellowish-white powder (72 % yield). 
1
H NMR 
(CDCl3) δ= 7.39, 6.89 (2x d, 4H, CH- benzene); 5.37 (s, 1H, (OCH)2 acetal); 4.10, 
3.86 (2x d, 4H, 2x OCH2C); 3.94 (t, 2H, OCH2-chain); 2.80, 2.24(2x d, 4H, OCH2 
propargyl), J=2.56; 2.08, 2.05 (2x t, 2H, 2x  CH propargyl);  1.80-  1.71 (m, 2H, B-
CH2); 1.47-1.22 (m, 18H, bulk-CH2); 0.88 (t, 3H, CH3). 
13
C NMR (CDCl3) δ=159.69 
(Cbenzene-O-chain); 130.18 (C benzene- acetal); 127.34, 114.31 (2x CH benzene); 101.95 (CH 
acetal); 80.55, 78.53 (2x C propargyl); 71.73, 71.29 (2x CH propargyl); 68.08 (OCH2 
chain); 35.12 (C quaternary); 31.92 (B-CH2); 29.65, 29.63, 29.59, 29.57, 29.39, 29.35, 
29.21 (bulk-CH2); 26.0 (∞-CH2); 22.69, 22.66 (2x CH2 propargyl); 14.12 (CH3). 
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3.2.5.8 Dimethyl-2-dodecylmalonate (12) 
A procedure similar to (Matoba, Kajimoto, Nishide, & Node, 2006)
 
that methyl 
2-(2-propynyl)-4-pentynoate was employed in the synthesis. Dimethyl malonate (6.0 
mL, 52 mmole) was added dropwise to a suspension of sodium hydride (60 % wt in 
mineral oil, 2.11 g, 52.75 mmol) in dry THF (100 mL) which was stirring at 10 °C. 
Then the reaction mixture was left stirring for 10min., and then 1-bromo dodecane 
(12.72 mL, 53 mmol) was added dropwise.  The reaction mixture was warmed to room 
temperature and stirred for overnight. The reaction mixture was extracted three times 
with water and Et2O. The combine organic phases were washed with brine water, dried 
over MgSO4, filtered and concentrated on a rotary evaporator leaving white solid. The 
solid was crystallized from ethyl acetate to give 11.0 g of a crystalline white solid (93 % 
yield). 
 
3.2.5.9 2-Dodecylpropane-1,3-diol (13)  
The synthesis was similar method to 4,4-di(hydroxymethyl)-1,6-heptadiyne. 
Lithium aluminium hydride (1.2 g, 32.43 mmol) was added to stirred solution of the 
Dimethyl 2,2-di(propynyl)malonate (4.3 g, 14.42 mmol) in anhydrous THF at 10 ° C. 
The reaction mixture was allowed to warm to room temperature and stirred for 
overnight. 2 mL of water was added slowly to stop the reaction, an aq. 10 % NaOH 
solution (2 mL), and then additional water (3.2  mL). Then the reaction mixture was left  
40 
 
stirring for around 30 min. until the suspended solids became white. The reaction 
mixture was filtered and the solid rinsed with CH2Cl2, the filtrate dried over MgSO4 and 
concentrate in rotary evaporator to produce 3.3 g colorless oil (94 % yield). 
1
H NMR 
(CDCl3) δ= 3.83- 3.60 (m, 4H, 2x CH2OH); 1.87-1.70 (m, 1H, CH); 1.34- 1.17 (m, 
20H, bulk-CH2); 0.88 (t, 3H, CH3). 
13
C NMR (CDCl3) δ= 66.37 (2x CH2OH); 41.99 
(CH); 29.84, 29.67, 29.64, 29.61, 29.53, 29.32 (bulk-CH2); 27.75 (α-CH2); 27.21 (B-
CH2); 22.65 (∞-CH2); 14.22 (CH3). 
 
3.2.5.10 2-Dodecylpropane-1,3-diyl bis(4-methylbenzenesulfate (14)  
To a solution of 2-dodecylpropane-1,3-diol (1.6 g, 6.54 mmol) in 50 mL THF 
was added 10 mL of 40 % NaOH followed by  4-toluenesulfonyl chloride (3.74 g, 19.63 
mmol, 3 eq) then the reaction mixture were stirred for overnight. The reaction mixture 
was poured into water and extracted with ethyl acetate. The combine organic phases 
was dried over MgSO4 and concentrate in rotary evaporator to provide pure colorless 
crystal 3 g (83 % yield). 
1
H NMR (CDCl3) δ= 7.74, 7.35 (2x d, 4H, CH- benzene); 
3.74-3.71 (m, 4H, 2x CH2-Tosyl); 2.44 (s, 6H, 2x CH3Tosyl); 2.00-1.93 (m, 1H, 
CH(CH2-Tosyl)2); 1.26 (m, 20H, bulk-CH2); 0.88 (t, 3H, CH3). 
13
C NMR (CDCl3) δ= 
144.8 (CSO3 tosyl); 132.6 (CCH3 tosyl); 130.0, 127.8 (4x CH tosyl); 68.79, 67.84 (2x 
CH2-Tosyl); 37.97 (CH); 31.86 (α-CH2); 29.64, 29.59, 29.58, 29.56, 29.47, 29.39, 
29.30, 26.86, 26.26 (bulk-CH2); 25.55 (B-CH2); 22.62 (∞-CH2); 21.53 (CH3 tosyl); 
14.01 (CH3). 
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3.2.5.11 2-Dodecylpropane-1,3-diazido (15)  
2-dodecylpropane-1,3-diyl bis(4-methylbenzenesulfate)  (2 g, 3.61 mmol) and 
anhydrous NaN3 (0.94 g, 14.47 mmol, 3 eq.) was added to a DMF and the mixture was 
stirred at 80 °C for overnight. Removed the solvent by evaporation in vacuo, washed the 
residue with water and DCM, separated the organic layer and dried over MgSO4 and 
then concentrated to give 2.8 g (93 % yield). 
1
H NMR (CDCl3) δ= 3.34-3.23 (m, 4H, 
2x CH2N3); 1.73-1.66 (m, 1H, C(CH2N3)2); 1.18 (m, 20H, bulk-CH2); 0.81 (t, 3H, CH3). 
13
C NMR (CDCl3) δ= 52.68 (2x CH2N3); 38.65 (CH); 31.89 (∞-CH2); 29.63, 29.61, 
29.54, 29.32, 29.13 (bulk-CH2); 26.67 (B-CH2) ; 22.66 (α-CH2); 14.08 (CH3). 
 
3.2.5.12 Allyl 2,3,4,6-tetra-O-acetyl--D-glucopyranoside (1)  
 (10 g, 25.6 mmol) glucose pentaacetate and 1.9 mL (27.8 mmol, 1.1 eq.) allyl 
alcohol were dissolved in 120 mL dichloromethane and treated with 4.8 mL (38.2 
mmol, 1.5 eq.) BF3xEt2O. The reaction was stirred at room temperature for 3 hour and 
then washed with an aqueous solution of NaHCO3 and dried over MgSO4. The solvent 
was concentrated and crystalized by ethanol to get (6.4 g) white crystal and the residue 
was purified by column chromatography using hexane: ethyl acetate (3:1) as eluent to 
obtain (2.3 g), total yield was 87 %. 
1
H NMR (CDCl3) δ= 5.80-5.65 (m, 1H, allylic 
CH=); 5.20-5.10 (m, 2H, allylic CH2=); 5.08 (ddt, 1H, H-3); J=9.5  Hz; 4.95 (ddt, 
1H, H-4); J=10.0 Hz; 4.8 (ddt, 1H, H-2); J=9.5 Hz; 4.47 (d, 1H, H-1); J=8.0 Hz; 4.25-
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4.09 (m, 2H, H-6); 4.06-3.91 (2m, 4H, H-6, OCH2); 3.64 (ddd, 1H, H-5); J=4.5, 2.5 Hz; 
1.97, 1.93, 1.91, 1.89 (4x s,3H, 4x Ac); 
13
C NMR (CDCl3) δ= 170.51, 170.11, 
169.31,169.20 (4x COCH3); 133.26 (CH=CH2); 117.46 (CH=CH2); 99.43 (B C1); 72.72 
(C4); 71.62 (C2); 71.16 (OCH2); 69.88 (C6); 68.31 (C3); 61.82 (C5); 20.60, 20.53, 
20.47 (4x OCH3). 
 
3.2.5.13 2,3-Epoxypropyl 2,3,4,6-Penta-O-acetyl--D-glucopyranoside (3)  
    Compound 1 (2 g, 5.15mmol) was dissolved in 100 mL dichloromethane,  
MCPBA (2.2 g, 12.8 mmol, 2.5 eq.) was added to the solution  and the mixture left 
stirred overnight at room temperature. The reaction mixture washed with an aqueous 
solution of NaHCO3 twice. The organic layer was dried over MgSO4 and evaporatord in 
vacuum to concentrate. 20 mL of ethyl acetate was added to the mixture to crystalize to 
give pure compound 2 (1.0 g) white crystal and the residue was purified by flash 
chromatography over silica gel (3:1 hexane: ethyl acetate) to give (0.6 g) , total yield 
was 77 %. 
 1
H NMR (CDCl3) δ= 5.12/5.05 (2 ddt, 1H, H-3); J=9.50 Hz;  5.00/4.95 (2 
ddt, 1H, H-4); J=10.0, 4.91/4.89 (2 dd, 1H, H-2); J=9.5 Hz; 4.57/4.48 (2 d, 1H, H-1); 
J=8.0 Hz; 4.19/4.16 (dd, 1H, H-6a); J=12.0 Hz; 4.04 (ddbd, 1H, H-6b); 3.91, 3.79 (2 
dd, 1H, OCH2 I); J=3.0 Hz; 3.74, 3.64 (2 dd, 1H, OCH2 II); J=6.5 Hz;  3.64 (m, 1H, H-
5); 3.05 (m, 1H, CH2CHOCH2); J=2.5 Hz; 2.69 (m, 1H, CH2CHOCH2 I); 2.56/2.46 (m, 
1H, CH2CHOCH2 II); 2.08, 2.07, 2.04, 2.01 (4x s, 3H, 4x COCH3); 
13
C NMR (CDCl3) 
δ=170.96, 170.46, 170.05, 169.31 (4x COCH3); 100.90, 100.39 (2 x C1); 72.69, 72.65 
(2x C3); 71.79 (C5); 71.02 (C2); 70.43, 68.99 (OCH2); 68.20, 68.19 (C4); 61.62 (C6); 
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50.41, 50.15 (CH2CHOCH2); 43.97, 43.92 (CH2CHOCH2);  20.57, 20.52, 20.45 (4x 
COCH3). 
 
3.2.5.14 (2ʹ-hydroxy-3ʹ-azidopropyl)-2,3,4,6-Penta-O-acetyl--D-gluco 
pyranoside (4) 
     Anhydrous NaN3 (0.8 g, 12.3 mmol, 2.5 eq.) was added to a DMF solution of 
compound 2 (2 g, 4.9 mmol, 1 eq.) and the solution was stirred at 80 °C for overnight. 
Removed the solvent by evaporation in vacuo, washed the residue with water and DCM, 
separated the organic layer and dried over MgSO4 and then concentrated to give 
compound 3 as a syrup (2 g, yield 90 %). 
1
H NMR (CDCl3) δ= 5.22 (ddt, 1H, H-3); 
J= 9.44; 5.10-5.03 (2 ddt, 1H, H-4); J=10.0; 4.97 (2 dd, 1H, H-2); J=9.5; 4.55 (2 d, 1H, 
H-1); J=8.0; 4.25-4.15 (m, 2H, H-4, H-6); 3.99-3.69 (m, 4H, H-5, OCH2CHOH, 
OCH2CHOH); 3.40-3.27 (m, 2H, CHOHCH2N3); 2.10, 2.06, 2.04, 2.01 (4x s, 3H, 4x 
Ac); 
13
C NMR (CDCl3) δ= 170.61, 170.14, 169.42, 169.38 (4x COCH3); 101.40, 
101.28 (C1); 72.72,72.57 (C3); 72.16 (OCH2CHOH); 71.95 (OCH2); 71.24, 71.22 (C2); 
69.66, 69.53 (C5); 68.41, 68.35 (C4); 61.97, 61.95 (C6); 53.00, 52.98 (CHOHCH2N3); 
20.58, 20.29 (COCH3). 
3.2.5.15 General Procedure for Click-Chemistry  
A solution of the sugar azide (4 mmole) and the divalent hydrocarbon precursor 
(2 mmol) in methanol (50 mL) was treated with copper (II) salt (Cu(OAc)2 or CuSO4  
0.4 mmol, 15 % eq.) and sodium ascorbate (0.4 g, 2.0 mmol, 45 % eq.). The solution 
was stirred at room temperature for overnight. The reaction mixture was filtered and 
concentrated under reduced pressure, and the residue was purified by filtrating through 
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5 cm silica gel with 1:1 ethyl acetate: hexane as eluent to remove the remaining starting 
materials (sugar and alkyl chain), followed by methanol to collect the surfactant 
precursors.  
3.2.5.16 General procedure II for surfactant de-protection 
      The acetylated surfactant was carried out using methanol as solvent and treated 
with a catalytic amount of NaOMe. TLC revealed complete conversion after 4 hours 
stirring at room temperature. The catalyst was neutralization by Amberlite IR120 
(H
+
) and then the solvent was evaporatord to give the final surfactant. 
 
 
3.2.5.15.1 1,1-Bis{1-[2-hydroxy-3-(2,3,4,6-tetra-O-acetyl--D-glucopyranosyloxy)-
propyl]-(1,2,3-triazol-4-yl)-methyl}-dodecane (18).  
Sugar azide 4 (2.0 g, 4.4 mmol) and dipropargyl acetal 6 (0.6 g, 2.2 mmol) were 
coupled with Cu(OAc) (80 mg, 0.4 mmol) and Na-ascorbate (0.4 g, 2 mmol) in MeOH 
according to the general procedure I to provide 18 (1.6 g, 64 %) as a brown syrup. In 
order to simplify the NMR analysis the compound was acetylated at the remaining 
hydroxyl group. 
1
H NMR (CDCl3) δ= 7.65/7.63 (2 s, 2H, 2x triazole); 5.32 (m, 2H, 
CHOH); 5.27/5.18 (2 dddt, 2H, 2x H-3);  J = 9.5 Hz; 5.11/5.10 (2 dddt, 2H, H-4); J = 
10.0 Hz;  5.05/5.01 (dd, 2H, H-2); J = 9.0 Hz; 4.78-4.48 (m, 11H, 2x H-1, CH-acetal, 2x 
CH2-triazole, 2x triazole-CH2OCH); 4.28, 4.25 (2 dddt, 2H, 2x H-6a); 4.16- 4.07 
45 
 
(ddbd, 2H, 2x H-6b); 3.98-3.89 (2dd, 2H, 2x OCH2a); J = 4.5 Hz;  3.75 (ddd, 2H, 2x 
H-5); J = 4.5, 2.0 Hz; 3.67-3.59 (2dd, 2H, 2x OCH2b); J = 6.0 Hz;  2.09- 2.01 (m, 30H, 
10x CH3–acetate); 1.74-1.68 (m, 2H, γ-CH2); 1.40- 1.24 (m, 18H, CH2-bulk); 0.87 (t, 
3H, CH3). 
13
C NMR (CDCl3) δ=170.49, 170.04, 169.8, 169.58, 169.36, 169.32, 169.29 
(10x CH3CO); 145.32, 145.22 (2x C-triazole); 123.66, 123.59 (2x CH-triazole); 102.67, 
102.64 (2x C-1); 101.07, 100.64 (CH-acetal); 72.60, 72.51 (2x C-3); 72.00 (2x CHOH); 
71.17, 71.09 (2x C-2); 70.41, 70.15 (2x C-5); 68.32, 68.28 (2x C-4); 67.39, 67.30 (2x 
OCH2); 61.78, 61.74 (2x C-6); 58.71 (2x triazole-CH2OCH); 49.57, 49.46 (2x 
CHOHCH2-triazole); 33.13(-CH2);  31.82 (∞-2); 29.56, 29.52, 29.47, 29.39, 29.24 
(bulk-CH2);  24.56 (γ-CH2);   22.58 (∞-1); 20.92, 20.70, 20.68, 20.62, 20.58, 20.47, 
20.45 (10x CH3CO); 14.01 (CH3).  
 
3.2.5.15.2 1,1-Bis{1-[2-hydroxy-3-(-D-glucopyranosyloxy)-propyl]-(1,2,3-triazol-
4yl)-methyl}dodecane (19).  
18 (1.2 g, 1.0 mmol) was reacted according to general procedure II to produce 
19  (0.73 g, 91 %) as brown syrup. 
1
H NMR (CD3OD) δ=8.05 (s, 2H, 2x  triazole); 
4.74 (t, 1H, CH-acetal); 4.70 (d, 2H, OCH2a); 4.65 (d, 2H, CH2b); J = 12.0 Hz; 4.63-
4.48 (m,4H, 2x (triazole-CH2OCH); 4.33, 4.30 (2dt, 2H, H-1); J = 8.0 Hz; 4.19- 4.12 
(m, 4H, 2x CH2-triazole);  3.91 (ddbd, 2H, H-6a); 3.68 (dd, 2H, 2x H-6b); J = 12.0 Hz; 
3.60- 3.52 (m, 2H, 2x CHOH); 3.43 ( 2 dd, 2H, H-3); J = 9.0 Hz;  3.40-3.30 (m, 4H, H-
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4, H-5); 3.28 (dd, 2H, H-2); J = 9.0 Hz; 1.69- 1.64 (m, 2H, -CH2); 1.33- 1.20 (m, 18H, 
CH2-bulk); 0.87 (t, 3H, CH3). 
13
C NMR (CD3OD) δ= 144.46 (2x C-triazole); 124.86 
(2x CH-triazole); 103.29 (2x C1); 102.58(CH-acetal); 76.67 (2x C-3); 76.51 (2x C-5); 
73.75, 73.69 (2x C-2); 70.78 (2x OCH2); 70.63, 70.61 (2x C-4); 68.95 (2x CHOH); 
61.28 (2x C-6); 58.27 (2x triazole-CH2OCH); 52.86, 52.65 (2x CHOHCH2-triazole); 
32.97 (-CH2); 31.74 (∞-2); 29.46, 29.43, 29.40, 29.23, 29.15 (bulk-CH2);  24.31 (γ-
CH2);  22.41 (∞-1); 13.14 (CH3). HRMS (MALDI) calcd. for C36H64N6O16 [M+Na]: 
859.4277, 860.4310 (1x 
13
C, 40 %); found: 859.4294 (100%), 860.4 (32%). 
 
3.2.5.15.3 5,5-Bis{1-[(2-hydroxy-3-(2,3,4,6-tetra-O-acetyl--D-glucopyranosyloxy)-
propyl]-1,2,3-triazol-4-yl-methyl}-2-undecyl-1,3-dioxane (20).  
Sugar azide 4 (2.0 g, 4.4 mmol) and dipropargyl acetal 7 (0.7 g, 2.2 mmol) were 
coupled with Cu(OAc)2 (80 mg, 0.4 mmol) and Na ascorbate (0.4 g, 2 mmol) in MeOH 
according to the general procedure I to provide 20 (1.5 g, 56 %) as a brown syrup. 
1
H 
NMR (DMSO, 80°C) δ= 7.84-7.76 (m, 2H, 2x triazole); 5.26 (ddm, 2H, 2x H-3); J = 
9.5 Hz; 4.91 (ddt, 2H, 2x H-4); J = 9.5 Hz;  4.85-4.79 (m, 4H, 2x H-1, H-2), J = 8.0, 
10.0 Hz; 4.43 (t, 1H, CH-acetal); 4.40-4.20 (m, 8H, 2x (CH2OC, CHOHCH2-triazole); 
4.18 (dd, 2H, H-6a); 4.08 (dd, 2H, H-6b); J = 12.0 Hz; 3.74-3.65 (m, 2H, 2x CHOH); 
3.64 (bd, 2H, OCH2a); 3.54 (bd, 2H, CH2b); 3.48- 3.32 (m, 2H, H-5); J = 5.0, 2.0 Hz; 
2.92, 2.40 (ds, 4H, triazole-CH2); 2.01, 2.00, 1.99, 1.97, 1.95, 1.93 (s, 24H, 8x CH3-
47 
 
acetate); 1.58- 1.51 (m, 2H, -CH2); 1.40- 1.20 (m, 18H, bulk-CH2); 0.85 (t, 3H, CH3). 
13
C NMR (DMSO, 80°C) δ= 170.27, 169.81, 169.56, 169.45 (8x CH3CO); 141.72 (2x 
C-triazole); 125.20 (2x CH-triazole); 102.23 (CH acetal); 100.57, 100.43 (2x C-1); 
73.23 (2x CH2C); 72.91, 72.86  (2x C-2); 71.71 (2x C-4); 71.45 (2x C-3); 71.29 (2x 
OCH2); 69.14 (2x C-5); 68.72, 68.55 (2x CHOH); 62.41 (2x C-6); 53.00 (2x CH2-
triazole); 36.08 (C quaternary); 34.81 (-CH2); 31.64 (∞-2); 29.33; 29.01 (bulk-CH2); 
28.17, 27.41 (2x CCH2-triazole); 23.76 (B-CH2); 22.38 (∞-1); 20.76, 20.67, 20.59 (8x 
CH3CO); 14.16 (CH3). 
 
3.2.5.15.4 5,5-Bis{1-[(2-hydroxy-3-(-D-glucopyranosyloxy)-propyl]-1,2,3-triazol-
4-yl-methyl}-2undecyl-1,3-dioxane (21). 
20 (1.0 g, 0.80 mmol) was reacted according to general procedure II to produce 
21 (0.70 g, 96 %) as brown syrup. 
1
H NMR (CD3OD) δ= 7.99 (bs, 2H, triazole); 4.69- 
4.40 (m, 4H, 2x (H-1, OCH2a)); 4.32 (t, 1H, CH-acetal); 3.96 (bs, 2H, 2x OCH2b); 3.92- 
3.22 (m, 22H, 2x (H-6a,b, H-3, H-5, H-2, H-4, CHOH, CH2-triazole, CHCH2-triazole); 
1.65 (m, 2H, -CH2); 1.44 (m, 2H, γ-CH2); 1.31 (m, 18H, bulk-CH2); 0.91 (t, 3H, 
CH3). 
13
C NMR (CD3OD) δ= 142.32 (2x C-triazole); 128.93 (2x CH-triazole); 104.75, 
104.69 (2x C1); 104.05(CH-acetal); 78.03 (2x C-3); 77.90 (2x C-5); 75.13, 75.06 (2x C-
2); 74.52 (2x CCH2OCH); 72.18, 72.06 (2x OCH2); 71.56 (2x C-4); 70.29(2x CHOH); 
62.67 (2x C-6); 54.47 (2x CHOHCH2-triazole); 35.90 (C); 33.07, 30.78, 30.75, 30.73, 
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30.67, 30.47 (bulk-CH2); 25.03  (2x CCH2-triazole); 23.74 (∞-1); 14.46 (CH3). 
13
C-
peaks for glycerol-linker and CH2N were broad and very weak due to diastereomeric 
effects, while triazole carbons could not be observed.   
 
 
3.2.5.15.5 5,5-Bis{1-[(2-hydroxy-3-(2,3,4,6-tetra-O-acetyl--D-glucopyranosyloxy)-
propyl]-1,2,3-triazol-4-yl-methyl}-2-(4-dodecyloxy-phenyl)-1,3-dioxane 
(22).  
Sugar azide 4 (2.0 g, 4.4 mmol) and dipropargyl acetal 11 (0.9 g, 2.2 mmol) 
were coupled with Cu(OAc)2 (80 mg, 0.4 mmol) and Na-ascorbate (0.4 g, 2 mmol) in 
MeOH according to the general procedure I to provide 22 (1.7 g, 60 %) as a brown 
syrup. 
1
H NMR (CDCl3) δ= 7.94, 7.81, 7.60 (3x bs, 2H, triazole); 7.43, 6.89 (2x d, 4H, 
benzene); 5.44 (bs, 1H, CH-acetal); 5.26, 5.23, 5.21 (2 ddtd, 2H, 2x H-3), J= 9.4; 5.11-
4.98 (m, 4H, 2x H-4, H-2); 4.63-3.45 (m, 24H, 2x H-1, H-5, H-6a, H-6b, OCH2, CHOH, 
CHCH2-triazole, CH2O-acetal); 3.22- 3.0, 2.82- 2.73 (m, 4H, 2x triazole-CH2); 2.07, 
2.06, 2.04, 2.03, 2.01, 2.00 (s, 24H, 8x CH3-acetate); 1.80- 1.73 (m, 2H, -CH2); 1.48- 
1.20 (m, 18H, bulk-CH2); 0.88 (t, 3H, CH3). 
13
C NMR (CDCl3) δ= 170.69, 170.19, 
169.60, 169.42 (8x CH3CO); 159.67 (Cbenzene-O-chain); 142.21 (2x C-triazole); 130.47 (C 
benzenel); 129.73 (2x CH-triazole); 127.42, 114.27(2x CH benzene); 102.08 (CH acetal); 
101.33, 101.16 (2x C-1); 74.61, 74.47 (2x CH2C); 72.58, 72.54  (2x C-3); 72.01, 71.09 
(2x C-5); 71.70 (2x OCH2); 71.23, 71.20 (2x C-2); 69.19, 69.09 (2x CHOH); 68.35, 
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68.31 (2x C-4); 68.09 (OCH2-chain);  61.85, 61.82 (2x C-6); 52.66, 52.55 (2x CH2-
triazole); 45.83 (C quaternary); 36.35 (-CH2); 31.90 (γ-CH2); 29.64; 29.62, 29.59, 
29.57, 29.39, 29.33, 29.22 (bulk-CH2); 26.01 (2x CCH2-triazole); 22.67 (∞-1); 20.78, 
20.73, 20.71,20.57 (8x CH3CO); 14.11 (CH3). 
 
3.2.5.15.6 5,5-Bis{1-[(2-hydroxy-3-(-D-glucopyranosyloxy)-propyl]-1,2,3-triazole-
4-yl-methyl}-2-(4dodecyloxy-phenyl)-1,3-dioxane (23). 
22 (1.3 g, 0.99 mmol) was reacted according to general procedure II to produce 
23 (0.95 g, 98 %) as brown syrup. 
1
H NMR (DMSO) δ=  7.99-7.94 (4 s, 2 H, triazole), 
7.37, 6.90 (2 d, 2×2 H, C6H4), 5.37 (s, acetal), 4.70-2.95 (m, 30 H), 3.16 (s, 4 H, 
CH2Ctriazole), 1.69 (m, 2H, ß-CH2), 1.39 (mc, 2 H, γ-CH2), 1.24 (m, 16 H, bulk-CH2), 
0.85 (t, 3 H, CH3). 
13
C NMR ( DMSO) δ=  158.77 (Ar-CO), 142.42 (triazole-C), 
131.96 (Ar-C), 127.43 (Ar-CH), 124.08 (triazole-CH), 113.73 (Ar-CH), 103.45, 100.77 
(dioxane-CH,C-1), 76.90, 76.39, 73.39 / 73.34 (C-2, C-3, C-5), 72.99 / 72.96 (CH2O), 
69.90, 68.35 / 68.26 (C-4,CHOH), 67.32 (CH2O), 60.92 / 60.89 (C-6), 52.6 (bs, CH2N) 
25.42 (dioxane-C), 31.15 (ω-2),28.88, 28.86, 28.84, 28.62, 28.55, 28.52 (bulk-CH2), 
25.36 (CH2Ctriazole), 21.95 (ω-1), 13.81 (ω). HRMS (MALDI) calcd. for C46H74N6O17 
[M+Na]: 1005.5008, 1006.5042 (1× 
13
C, 51%),1007.5076 (2×
13
C, 13%); found: 
1005.4984 (100%), 1006.4970 (59%), 1007.4910 (18%).  
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3.2.5.15.7 N,N-Bis{1-[2-hydroxy-3-(2,3,4,6-tetra-O-acetyl--D-glucopyranosyloxy) 
propyl]-(1,2,3-triazol-3-yl)-methyl]-dodecyl amine (16). 
Sugar azide 4 (2.0 g, 4.4 mmol) and dipropargylated amine 10 (0.5 g, 2.2 mmol) 
were coupled with CuSO4x5 aq (0.1 g, 0.3 mmol) and Na-ascorbate (0.4 g, 2 mmol) in 
MeOH (12 mL) according to the general procedure I. Chromatographic purification 
applied pure EtOAc instead of the hexane-EtOAc mixture with respect to the higher 
polarity or the amine to provide 16 (1.4 g, 63 %) as a brown syrup. Application of 
Cu(OAc)2 instead of CuSO4 led to a lower coupling yield. 
1
H NMR (CDCl3) δ= 7.78 
(s, 2H, 2x CH-triazole); 5.22 (ddt, 2H, 2x H-3); J= 9.52; 5.06 (ddt, 2H, 2x H-4); 
J=9.81; 5.00 (ddt, 2H, 2x H-2); J= 9.52; 4.06 (d, 2H, 2x H-1); J= 8.0; 4.59-4.10 (m, 
6H, 2x CHOH, CH2N); 4.28-4.07 (m, 4H, 2x H-6); 3.98-3.49 (m, 10H, 2x H-5, OCH2, 
CH2C-triazole); 2.56 (mbs, 2H, CH2N-chain) 2.06, 2.02, 2.00 (s, 3H, 4x COCH3); 1.61 
(bd, 2H, -CH2); 1.26 (s, 18H, bulk-CH2); 0.88 (t, 3H, CH3); 
13
C NMR (CDCl3) δ
=170.52, 170.01, 169.54, 169.33 (4x COCH3); 123 (bs, CH-triazole); 101.26, 101.07 (2 
x C1); 72.64 (C3); 72.05, 71.95 (C-2); 71.34 (C-5);  71.58 (OCH2CHOH); 68.8 (bs, 
OCH2); 68.64 (C4); 61.87 (C6); 53.10 (bs, CH2N-chain); 31.84 (∞-2); 29.61, 29.57, 
29.26 (bulk-CH2); (∞-1); 22.59 (CH2); 20.65, 20.59, 20.45 (COCH3); 14.04 (CH3). 
13
C-
peaks for glycerol-linker and CH2N were broad and very weak due to diastereomeric 
effects, while triazole carbons could not be observed. 
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3.2.5.15.8 N,N-Bis{1-[2-hydroxy-3-(-D-glucopyranosyloxy)propyl]-(1,2,3-triazol-
3-yl)-methyl]-dodecyl amine (17).  
16 (1.0 g, 0.87 mmol) was reacted according to general procedure II to produce 
17 (0.70 g, 99 %) as brown syrup. 
1
H NMR (DMSO, 80°C) δ=7.87 (s, 2H, 2x CH 
triazole); 4.51 (d, 2H, 2x H-1); 4.37-4.26 (m, 2H, H-3); 4.20 (dd~t, 2H, H-2); 4.08-3.98 
(bd, 2H, H-4); 3.77-3.61 (m, 8H, 2x [CH2 triazole, H-5, H-6a]); 3.54-3.44 (bd, 4H,2x  
[CHOH, H-6b]); 3.26-3.00 (m, 8H, 2x [OCH2, NCH2]); 2.38 (bd, 2H, α-CH2N chain); 
1.46 (bd, 2H, B-CH2); 1.24 (s, 18H, bulk-CH2); .086 (t, 3H, CH3); 
13
C NMR (DMSO, 
80°C) δ=144.13 (triazole-C); 124.85 (triazole-CH); 104.02, 103.88 (B-C1); 77.46, 
77.23 (C3); 74.10,74.02 (C5); 71.35 (C2); 71.2 (OCH2CHOH); 70.91 (OCH2); 69.08, 
69.02 (C4); 61.85 (C6); 53.21, 53.14 (CHOHCH2N triazole); 49.00 (NCH2N-triazole); 
48.27 (α-CH2N chain); 31.67 (∞-2); 29.41, 29.35, 29.03 (bulk-CH2); 27.26, 27.21 (B-
CH2); 22.38 (∞-1); 14.17 (CH3). HRMS (MALDI) calcd. for C36H65N7O14 [M+H]: 
820.4668, 821.4701 (1x 
13
C, 40 %); found: 820.4662 (100%), 821.4618 (48%).  
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3.2.5.15.9 Dodecyl-1,3-bis[4-(2,3,4,6-tetra-O-acetyl--D-glucopyranosyloxymethyl) 
-1,2,3-triazol-1-yl]-propane (24).  
Propargyl glucoside 2 (Allen & Tao, 1999) (2.0 g, 5.1 mmol) and diazide 15 (0.7 
g, 2.5 mmol) were coupled with Cu(OAc)2 (80 mg, 0.4 mmol) and Na-ascorbate (0.4 g, 
2 mmol) in MeOH according to the general procedure I to provide 24 (1.3 g, 47 %) as a 
brown syrup. 
1
H NMR (CDCl3) δ= 7.72 (s, 2H, 2x  triazole); 5.18 (2 ddt, 2H, 2x H-
3), J = 9.3; 5.1 (ddt, 2H, 2x H-4); ), J = 9.5; 4.98 (ddt, 2H, 2x H-2); ), J = 9.5;  4.94 
(d, 2H, 2x OCH2a); ); 4.83 (d, 2H, 2x OCH2b) , J = 12.5; 4.70 (d, 2H, 2x H-1); 4.33-
4.23 (m, 6H, 2x H-6a, CH2-triazole ); 4.17 (ddbd, 2H, H-6b), J = 12.0;  3.79 (ddd, 2H, 
2x H-5), J = 4.5, 2.5; 2.60 (p, 1H, -CH2); 2.09, 2.07, 2.04, 2.03, 2.00 (4x s, 24H, 8x 
CH3-acetate); 1.52- 1.20 (m, 22H, bulk-CH2); 0.88 (t, 3H, CH3). 
13
C NMR (CDCl3) δ
=170.67, 170.20, 169.43, 169.41 (8x CH3CO); 144.01 (2x C-triazole); 124.39 (2x CH-
triazole); 99.88 (2x C1); 72.73 (2x C3); 71.92 (2x C5); 71.22 (2x C2); 68.30 (2x C4); 
62.77 (2x OCH2); 61.78 (2x C6); 50.55 (2x CH2-triazole); 40.17 (2x α-CH2); 31.88 (∞
-2); 29.71, 29.63, 29.59, 29.52, 29.50, 29.45, 29.31, 29.27 (2x bulk-CH2); 26.66 (2x γ-
CH2); 22.65 (∞-1); 21.01, 20.86, 20.80, 20.74, 20.66, 20.56 (8x CH3CO); 14.09 (CH3).  
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3.2.5.15.10  2-Dodecyl-1,3-bis[4-(-D-glucopyranosyloxymethyl)-1,2,3-triazol-1-
yl]-propane (25).  
24 (1.0 g, 9.4 mmol) was reacted according to general procedure II to produce 
25 (0.66 g, 97 %) as brown syrup. 
1
H NMR (CD3OD) δ= 8.06 (s, 2H, 2x triazole); 4.98 
(d, 2H, OCH2a); 4.81 (d, 2H, OCH2b), J = 12.5 Hz, 4.49- 4.38 (m, 6H, 2x (H-1, CH2-
triazole)); 3.93 (dd, 2H, 2x H-6a); 3.68 (dd, 2H, 2x H-6b), J = 12.0 Hz; 3.41-3.28 (m, 6H, 
2x (H-3, H-5, H-4)); 3.28 (dd≈t, 2H, 2x H-2), J = 9.0 Hz; 2.71- 2.61 (m, 1H, -CH2); 
1.50-1.30 (m, 22H, bulk-CH2); 0.92 (t, 3H, CH3). 
13
C NMR (CD3OD) δ= 146.82 (2x 
C-triazole); 126.35 (2x CH-triazole); 103.69, 103.67 (2x C1); 78.08 (2x C-3); 78.00 (2x 
C-5); 75.04 (2x C-2); 71.66 (2x C-4); 63.07 (2x OCH2); 62.82 (2x C-6); 52.45 (2x 
CHCH2-triazole); 41.46 (-CH); 33.08 (∞-2); 30.78, 30.72, 30.55, 30.49, 30.43, 30.16 
(bulk-CH2); 27.79 (B-CH2); 23.74 (∞-1); 14.46 (CH3).  
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3.3 Results and discussion  
The synthesis of the Y-shape surfactants applied a click-coupling concept based 
on the Huisgen 1,3-dipolar addition of azides to terminal acetylenes (Hein & Fokin, 
2010b), as displayed in Figure 3.1. The respective building blocks were a monovalent 
carbohydrate derivative on the one hand, and a divalent hydrocarbon precursor on the 
other. Both reactants were coupled in a 2:1 ratio.  
 
Figure  3-1: General surfactant design. 
While propargyl glycosides have already been utilized for the preparation of 
ATGs (Sani et al., 2012), the current approach emphasized on a reverse strategy, which 
applied the carbohydrate as azide component. The azide was introduced to the 
carbohydrate by epoxidation of allyl glucoside, 1, and subsequent nucleophilic ring 
opening (Tran, Kitov, Paszkiewicz, Sadowska, & Bundle, 2011). This approach is 
significantly more economic than the conversion of a fatty acid into an azide, as 
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previously applied for ATGs (Sani et al., 2012). A disadvantage, on the other hand, is 
the formation of diastereomeric mixtures due to missing stereo-selectivity for the 
epoxide 3 (Barnett & Ralph, 1971), which complicates the spectral analysis of the 
surfactants. The synthesis of all carbohydrate building blocks is summarized in Scheme 
3.1.  
 
 
Scheme  3-1: Synthesis the hydrophilic parts of the surfactants. 
For the synthesis of the hydrocarbon precursor a variation of linkers, labeled B 
in Figure 3.1 was applied. Structures 6, 7, 10, 11 and 15, see Scheme 3.2. The formation 
of acetal system from an aldehyde and alcohol (contained alkyne system) component as 
shown in Scheme 3.2 were applied to synthesis the hydrophobic part which was 
proceeding through the nucleophilic attack of alcohol on the carbonyl group, this was 
conducted in connection with the hydrophilic part by click-chemistry.  However, we 
believe the using of the acetal system is the best choice to provide two alkyne arms for 
further reaction, were chosen based on easy accessibility, higher yield and faster to 
form. The formation of water as a by-product is the main problem in acetal formation so 
to shift the equilibrium to the product side we used molecular sieves (A4) as scavengers 
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to remove the water from the reaction mixture.  The big challenge was to form an 
aromatic Acetal system with alkyne alcohol since these types of compounds are not 
stable although to enhance the stabilization of this compound we use dihydroxy diyne 
system to form an aromatic cyclic Acetal system which was more stable and can be 
isolated and characterized. Besides, all structures were required to exhibit chemical 
stability at neutral and high pH. Sensitivity under acidic conditions, on the other side, 
was considered as potential benefit to enhance the biological degradation process in 
wastewater. The open chained acetal in 7 is particularly interesting, due to its easy 
hydrolysis under slightly acidic wastewater conditions, which effectively separates the 
hydrophilic and hydrophobic domains, thus avoiding surfactant-based biological 
hazards. Precursor 11 incorporates an aromatic moiety in the hydrocarbon domain. This 
was aimed for potential beneficial interaction with fossil oil.  
     Since the discovery of the CuAAC reaction a large number of different methods have 
been applied in the synthesis of 1,2,3-triazoles using various forms of Cu(I) catalyst 
(Tornøe et al., 2002). Coupling of the precursors applied the copper(I) catalyzed variant 
of the Huisgen cycloaddition (Lallana, Riguera, & Fernandez-Megia, 2011). Most 
surfactant precursors were obtained in ~60% yield. The structures of the coupling 
products and the final surfactants, obtained by subsequent deacetylation are displayed in 
Figure 3-3. Interestingly the efficiency for coupling a diazido-hydrocarbon precursor 
with the propargyl glycoside was with 50% below those obtained for the reverse 
coupling, applying a dipropargylated hydrocarbon and carbohydrate azide 4 instead.  
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Scheme  3-2: Synthesis of hydrophobic parts involving Y-shape linkage. 
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Scheme  3-3: Surfactant structures 
3.4 Phase behavior  
3.4.1 Liquid crystalline behaviour 
Almost all surfactants showed high solubility in water at room temperature. 
Except for compound 25, which exhibit a cubic lyotropic phase, displayed in Figure 3.2, 
only micellar solutions (L1-phase) were observed. This behavior reflects the dominant 
surface area of the hydrophilic domain, owing to the side-by-side alignment of two 
carbohydrate head-groups as displayed Figure 3.3. This dominance leads to a curving of 
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surfactant assemblies towards the hydrophobic domain, resulting in micelles. This 
surfactant behavior is particularly beneficial for oil in water emulsification applications.  
 
Figure  3-2: Contact penetration OPM for surfactant 25 
 
 
 
water 
cubic phase 
phase boundary 
columnar 
(a) 
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Figure  3-3: Structure diagram of surfactant assemble shows (a) single surfactant molecules (b) 
the surfactant molecules in low concentration solvent (c) the surfactant molecules 
arrangement in micelle solution. 
3.4.2 Air-water interface behavior and emulsion stabilization  
All surfactants exhibited Krafft points below 10 °C, while no clouding was 
observed upon heating. This renders the surfactants as promising candidates for 
emulsifier applications. Based on the Krafft temperature, the surface tension 
investigation was performed at room temperature. Besides the CMC and the related 
lowest surface tension for surfactant solutions, γCMC, the minimum molecular surface 
areas, Amin, as well as the Gibbs enthalpy for the micelle formation, ∆Gmisc were 
determined based on the Gibbs adsorption isotherm equation. The surface excess 
concentration, Tmax ,can be calculated from the slope of the surface tension γCMC 
against the logarithmic surfactant concentration at the concentration depending region 
according to equation 3.1 (Milton J Rosen, 2004),  
maxT
max
Clog
γ
2.303nRT
1








Γ
                                     eq. 3.1 
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where, [∂γ/∂ log c] is the slope, T is the absolute temperature, R is the universal gas 
constant (8.314 J mol-1K-1), and n is the number of species whose concentration at the 
interface varies with the surfactant bulk phase concentration (in this case n = 1). The 
minimum area per surfactant molecule Amin is obtained by applying equation 3.2,  
 
max
20
min
10


AN
A
                                                                     eq. 3.2 
where, N is Avogadro’s number (6.022 × 1023mol-1).  
The CMC measurement also provides access to the standard free energy of the 
aggregation, ∆GMisc , which can be obtained from equation 3.3 as   
 
)5.55/(cmcRTLnGmic 
                                                     eq.3.3 
The surface tension derived surfactant characteristics are summarized in Table 
3.1. All surfactants exhibit similar CMCs, reflecting the size of the hydrocarbon chain. 
The higher CMC values for 19 and 21, compared to 17, 23 and 25, probably originates 
from the incorporation of one carbon of the hydrocarbon chain into the linking unit of 
the surfactant (acetal), which reduces the hydrophobicity. The surface tension above the 
CMC fits with 35-50 mN m
-1
 into the previously reported range of values for double 
headed surfactants (Oskarsson, Frankenberg, Annerling, & Holmberg, 2007). The 
minimum surface area per surfactant exceeds with more than 50 Å
2
 the typical value of 
single headed glycosides (~40 Å
2 
(Nguan, Heidelberg, Hashim, & Tiddy, 2010)), by 
more than 20 %. The effect is significantly larger than that of an in-line-attachment of a 
second sugar molecule, which only leads to a slight growth in molecular surface area 
(maltoside < 45 Å
2
) (Nguan et al., 2010). It reflects an enhanced efficiency of the side-
by-side alignment to induce a curved assembly. Based on these findings, the side-by-
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side arrangement of two sugar head-groups is expected to potentially improve the 
emulsifying properties of a surfactant.  
Table  3-1: CMC, surface tension at CMC, minimum area per surfactant molecule and standard 
free energy of micellization. 
Compound cmc (mM) γcmc (mN/m)  
Amin (Ǻ
2
) 
      
(KJ.mole
-1
) 
17 0.42 39.3 57 12 
19 0.57 34.7 53 11 
       21 0.14 43.1 51 15 
23 0.11 48.9 62 16 
25 0.15 39.8 53 15 
 
Despite the different lyotropic behavior of propargyl glucoside-derived 
surfactant 25, compared with those surfactants obtained from 3-azido-2-hydroxy-propyl 
glucoside, 4, the molecular surface area for 17, 19, 21, 23 and 25 is similar, thus 
suggesting the same assembly behavior according to the packing theory. This suggests 
that the cubic phase observed in Figure 3.2 is discontinuous, i.e. referring to a closest 
packing of micelles. The latter is expected to exhibit a dynamic motion of the phase 
border over a longer observation time. However, the phase border appeared to be rather 
static. An explanation may be found in conformational constraints of the carbohydrate 
head-group linkage to the hydrophobic domain bridging triazole, owing to the directly 
linked pyranose-ring, whereas all other surfactants consist of additional carbon atoms, 
giving rise to more flexibility. Conformational constraints could result in interdigitation 
of head-groups for neighbored micelles, thus limiting water accessibility leading to a 
kinetic barrier for the surfactant solubilization.  
With exception of amine-linked surfactant 17 all Y-shape surfactants led to 
reasonably good emulsion stabilities, requiring several days for phase separation in 
absence of polymeric stabilizers. Details of the emulsion stability study are displayed in 
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Figure 3.4. The reason for the poor emulsifying property of surfactant 17 may be related 
to repulsive ionic interactions due to a partial protonation of the amine, which can 
destabilize the assembly. The slightly decreased stability for surfactant 23, on the other 
hand, probably reflects reduced interaction efficiency due to the aromatic ring. The 
latter, however, is expected to increase the interaction for an oil phase involving 
aromatic hydrocarbon contents.   
 
Figure  3-4: Emulsion stability (O/W). 
  
 19      17     21     25    23    19    17   21     25    23
10d ≺1d 7d  14d   14d 
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3.5 Conclusions  
  Sugar based Y-shape surfactants can be easily prepared from renewable 
resources, in this case glucose. Their structural design favors the formation of miscellar 
assemblies and increases the solubility in water, thus enhancing the surfactant’s 
emulsifier potential for oil in water formulations. Good linkers between the 
hydrocarbon chain and the sugar head-group involve acetalic structures, as these are 
easily cleaved under slightly acid waste-water conditions, thus avoiding surfactant 
based toxic effects, while an amine based linker led to poor emulsification efficiency, 
probably due to repulsive ionic interactions. While propargyl glucoside is an effective 
surfactant building block, azido-propyl glucoside, derived from allyl glucoside, is even 
more economic. Besides, the additional carbon atoms between the sugar ring and the 
triazole linkage enhance the kinetic water solubility of the surfactant, thus adding 
advantages for emulsifier applications.     
65 
 
 : Unusual base-induced cyclization of dipropargylic Chapter 4
systems to m-substituted toluenes 
 
 
 
 
Figure  4-1: Initial alkyne-allene- isomerization 
 
4.1 Introduction  
The equilibrium of alkynes and allenes gave rise to various cyclizations, 
frequently involving aldol-type reactions. Many reactions are initiated by coordinating 
metals; this fits both intra- (Brummond, Davis, & Huang, 2009; Brummond, Lu, & 
Virginia, 1999; Lu, Jin, Bao, & Yamamoto, 2010; Trost & Rudd, 2002) and 
intermolecular reactions (Shibata, Noguchi, & Tanaka, 2010). However, initiation can 
also apply basic conditions, if resonance effects drive the reaction (Kitagaki, 
Teramoto, & Mukai, 2007). 
Based on a targeted synthesis of dendrimers by exploitation of ‘click’-
chemistry, we synthesized various dipropargylic building blocks.  The purification of 
some of these led to unexpected problems, due to the presence of aromatic 
compounds despite exclusive use of aliphatic reagents and solvents. This led to an 
investigation of the source of the aromatics, revealing an unexpected intrinsic 
reactivity for 1,5-hexadiynes with an EWG on the central carbon. 
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4.2 Experimental  
4.2.1 General cyclization procedure 
The dipropargylic substrate was dissolved in aqueous EtOH (24 mL, 75% v/v) 
and NaOH (12 eq.) was added, after which the reaction was heated to reflux 
overnight. The cooled reaction mixture was acidified with aqueous HCl and 
extracted three times with CH2Cl2. The combined organic layers were washed with 
brine, dried over MgSO4, and the solvent was evaporatord in vacuum to leave the 
respective product (mass recovery 85 % and above). The conversion rate was 
determined based on relative 
1
H-NMR integrations of the aromatic product and 
remaining starting material. 
4.2.2 Product Identification 
Purification of 3-methylbenzoic acid, 2, applied chromatography followed by 
subsequent crystallization.  2: 
1
H NMR (400 MHz, CDCl3) δ= 10.3 (bs, OH), 7.94 
(s), 7.93 (d), 7.42 (d), 7.42 (d), 7.36 (t), 2.42 (s, 3 H). 
13
C NMR (100 MHz, 
CDCl3) δ= 172.5, 138.3, 129.2, 134.6, 130.7, 128.4, 127.4, 21.2. 
Purification of N-ethyl-3-methyl-benzamide applied column 
chromatography.  IR (ATR) 3304 (NH), 2923, 2852 (CH), 1644 (C=O), 1550 
cm
-1
(C=C). 
1
H NMR (400 MHz, CDCl3) δ= 7.52 (s), 7.46 (t), 7.22 (m, 2H), 6.13 
(bs, NH), 3.42/3.41 (2 q, 2 H, Et-CH2), 2.31 (s, 3 H, CH3), 1.17 (t, 3 H, Et-CH3). 
13
C NMR (100 MHz, CDCl3) δ= 167.7, 138.38, 134.5, 132.1, 128.4, 123.6, 34.9, 
21.3, 14.9. MS: 163, 162, 119, 91 in accordance with (Tay, Rahman, & Abas, 2009). 
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4.2.3 Synthesis of di-propargyl system compounds 
 
4.2.3.1 Synthesis of dimethyl 2,2-di(propynyl)malonate (1A): 
A procedure similar to a literature reported process (Carney et al., 2008) was 
employed: Dimethyl malonate (6.0 mL, 52 mmol) was added dropwise to a stirred 
suspension of NaH (60 % wt in mineral oil, 4.22 g, 106 mmol) in dry THF (100 mL) at 
10 °C. After 10 min propargyl bromide (80 % w/w in toluene, 12.0 mL, 108 mmol) was 
added dropwise. The reaction was allowed to warm to room temperature and stirred 
overnight. The reaction mixture was distributed between water and ether, and the 
aqueous phase was extracted twice with ether. The combine organic phases were 
washed with brine, dried over MgSO4, filtered and concentrated on a rotary evaporator 
leaving white solid. The solid was crystallized from ethyl acetate to give 1A (9.44 g, 
84%) as crystalline white solid. 
4.2.3.2 Synthesis of methyl 2-(propynyl)-4-pentynoate (1) 
The synthesis of 1 followed a literature reported method: (Carney et al., 2008) 
1A (4.70 g, 22.6 mmol) and LiCl (2.95 g, 69.7 mmol) were dissolved a mixture of 
DMSO (40 mL) and water (1 mL). The reaction was refluxed for 1 h and subsequently 
cooled to room temperature. The mixture distributed between CHCl3 and water and the 
aqueous layer was extracted repeatedly with CHCl3. The combined organic phases were 
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washed with brine, dried over MgSO4, filtered through silica gel and concentrate to 
provide a crude product, which was purified by flash chromatography column using 
20% ethyl acetate in hexane to give 1 (3.0 g, 90 %) as pale yellow oil. 
4.2.3.3 Synthesis of 2-(propynyl)-4-pentynoic acid (1a) 
Methyl ester 1 (3.0 g, 20 mmol) was dissolved in aqueous ethanol (24 mL, 75 % 
v/v), before treatment with NaOH (10 g, 0.25 mol), and the mixture was refluxed 
overnight. After removal of the solvent the residue was acidified with diluted HCl and 
extracted with CH2Cl2. The organic phase was washed with brine, dried over MgSO4   
and concentrated.  After chromatographic purification using hexane and ethyl acetate 
the product crystallized upon evaporation of the solvent to give 1a2 (1.7 g, 60 %). 1H 
NMR (CDCl3) δ= 10.29 (bs, OH), 2.83 (mc, CH), 2.68 (mc, 4 H, CH2), 2.05 (t, 2 H, 
C≡CH). 13C NMR (CDCl3) δ= 178.5, 80.2, 70.8, 42.9, 19.6. 
4.2.3.4 Synthesis of ethyl 2-(propynyl)-4-pentynoate (1b) 
A solution of 1a (0.70 g, 5 mmol) in EtOH (50 mL) was treated with H2SO4 (0.5 
mL) and heated to reflux overnight. The solvent was carefully evaporatord and the 
residue treated with aqueous NaHCO3. The product was isolated by triple-extractions 
with CH2Cl2, dried over MgSO4 and concentrated to give 1b (0.75 g, 88 %). 
1
H NMR 
(CDCl3) δ= 4.20 (q, 2H, Et-CH2), 2.76 (mc, CH), 2.66-2.61 (m, 4 H, CH2), 2.02 (t, 2 H, 
C≡CH), 1.28 (t, 3 H, Et-CH3). 
4.2.3.5 Synthesis of 2-(propynyl)-4-pentynoic acid morpholide (1c) 
A solution of 1a (2.0 g, 15 mmol) and (COCl)2 (3.8 g, 30 mmol) in CHCl3 (100 
mL) was heated to reflux overnight. Excess reagent and solvent were evaporatord and 
the remaining acid chloride 1ci 3 (2.2 g, 98 %). The crude acid chloride 1ci (0.60 g, 3.9 
mmol) was re-dissolved in CH2Cl2 (50 mL) and treated with morpholine (0.40 g, 4.7 
mmol) and triethylamine (5.4 mL, 39 mmol).  The reaction was stirred overnight and 
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then washed with aqueous NaHCO3. The organic solution was dried over MgSO4 and 
concentrated. The crude product was purified by chromatography using hexane and 
ethyl acetate 6:1 to give 1c as a white solid (0.47 g, 60 %). 
1
H NMR (CDCl3) δ= 3.71-
3.65 (m, 6 H), 3.63-3.59 (m, 2 H), 3.10 (mc, CH), 2.49 (dd, 4 H, CH2), 2.01 (t, 2 H, 
C≡CH). 13C NMR (CDCl3) δ= 171.3, 81.2, 70.3, 67.0, 66.9, 46.5, 42.5, 39.3, 21.6. 
4.2.3.6 Synthesis of 2-(propynyl)pent-4-yn-1-ol (3) 
LiAlH4 (0.27 g, 7.5 mmol) was added to stirred solution of 1 (1.1 g, 7.2 mmol) 
in anhydrous THF at 10 °C. The reaction mixture was allowed to warm to room 
temperature and stirred overnight. Water (1.2 mL) was added carefully to destroy excess 
reagent, followed by 10% NaOH aq (1.2 mL) and more water (3.6 mL). Precipitating 
aluminates were filtered off and rinsed with CH2Cl2. The aqueous phase was extracted 
with CH2Cl2 and the combined organic phases were dried over MgSO4 and concentrate 
to leave 3 (0.8 g, 91 %) as colorless oil. 
4.2.3.7 Synthesis of N,N-dipropargyl-dodecylamine (4) 
Dodecyl amine (2.0 g, 11 mmol) and K2CO3 (3.1 g, 23 mmol, 2.1 eq.) were 
suspended in acetonitrile and propargyl bromide (2.5 mL, 23 mmol) was added 
dropwise to the mixture. The reaction was stirred at room temperature for 24h, then 
filtered and the resulting solution was concentrated on a rotary evaporator yielding a 
yellow oil. The crude oil was purified by flash chromatography on a silica gel using 
chloroform as eluent, providing a clear oil (2.0 g, 71%). 
1
H NMR (CDCl3) δ= 3.43 (t, 4 
H), 2.51 (t, 2 H), 2.20 (q, 2 H), 1.46 (m, 2 H), 1.34-1.19 (m, 18 H), 0.88 (t, 3 H). 
13
C 
NMR (CDCl3) δ= 78.9, 72.7, 53.1, 42.1, 31.9, 29.62, 29.59, 29.54, 29.47, 29.3, 27.4, 
27.3, 22.6, 14.0. 
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4.3 Results and discussion  
Dipropargyl acetates, like 1, formed 3-methyl-benzoate upon treatment with 
strong base in aqueous alcohol at elevated temperature. The reaction is depicted in 
Scheme 4-1. Despite the low reaction  yield  of  below  40 %  for  the  transformation  
of  methyl  2,2-dipropargyl-acetate,  1,  to 3-methyl benzoic acid, 2, the reaction is 
interesting because of the unexpected reaction product and related mechanistic 
implications. 
It indicates an intrinsic reactivity of the 1,5-hexadiyne core for aromatic 
cylization under moderate reaction conditions.   The reaction is believed to pass through 
an initial alkyne-allene- isomerization, as shown in Figure 4-1, probably driven by 
resonance stabilization of the enolate. 
 
Scheme  4-1: Cyclization of methyl dipropargyl-acetate 
Base induced isomerization of alkynes and allenes have been reported 
previously (Abrams & Shaw, 1987; Spence, Wyatt, Bender, Moss, & Nantz, 1996; 
Wotiz, barelski, & Koster, 1973). However, for these reactions stronger bases are 
normally applied (Kitagaki et al., 2007; Wotiz et al., 1973). Reaction mechanisms 
involving a cyclic proton transfer mediated by a deprotonated diamine (Abrams & 
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Shaw, 1987; Wotiz et al., 1973) or a alkali amide (Wotiz et al., 1973) have been 
proposed. Both mechanisms propose a push-pull concept. The same may apply in water.  
Based on the distance of the carbons for the proton transfer, a transition state 
involving a hydrated hydroxide is favored over a isolated hydroxide ion. Scheme 4-2 
displays the isomerization of dialkyne 1 into the corresponding alkynyl-allene. This 
reaction is likely driven by the conjugation of the enolate, as shown in Scheme 4-1. 
Subsequent reaction of the allene with the second triple bond provides the aromatic 
ring. Although the current reaction is new, the concept of isomerization of alkenes and 
allenes through enolates with subsequent cyclization has been reported previously 
(Kitagaki et al., 2007). 
 
Scheme  4-2: Proposed mechanism for alkyne-allene isomerization 
In order to investigate this unexpected reactivity a comparative study was 
performed, using a selection of structurally different dipropargylic starting materials. 
The structures of investigated starting materials are summarized in Scheme 4-3, while 
the reaction results are displayed in Table 4-1.  
 
Scheme  4-3: Variation of substrates for attempted cyclization of 1,1-diprogargyls 
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Table  4-1: Attempted cyclization of 1,1-dipropargyls. 
Compound No. EWG R Y Yield 
1 CO2Me H C 37 % 
1a CO2H H C 30 % 
1b CO2Et H C 25 % 
1c CON4H8O H C ≻35 %* 
1A CO2Me CO2Me C No reaction† 
3 CH2OH H C Trace 
4 N/A C12H25 N No rection 
* No detection of leftover starting material, but diverse degradation products. Yield estimation based on complete 
integration of 1H-NMR. 
† no detection of aromatic compounds, but saponification of ester 
Table 4-1 illustrates the importance of a hydrogen atom at the central carbon of 
the starting material. Various dipropargyl-acetic acid derived substrates (1, 1a-c) 
provided aromatic products in accordance with Scheme 4-3, while in the absence of a 
central hydrogen atom, referring to entries 1A and 4, no aromatic products were 
detected. The application of morpholide 1c led to the surprising isolation of N-ethyl-3-
methyl-benzamide, instead of the expected morpholide.  A rational for this conversion 
could not be found. The minor cyclization of alcohol 3, despite missing CH-acidity at 
the central carbon, is surprising. The NMR of the crude product indicated the presence 
of more than one aromatic product. It is assumed that an initial oxidation of the alcohol 
led to an aldehyde, which cyclized according to Scheme 4-1. Subsequent Cannizzaro 
reaction of the intermediate benzaldehyde gave rise to a mixture of aromatic 
compounds. 
Besides the comparison of different dipropargylic starting materials, a variation 
of reaction conditions was investigated to provide more insights to the cyclization 
process. Substantial decrease of the base concentration failed to convert 1 into 2, thus 
demonstrating the requirement for drastic basic conditions. Moreover, the reaction 
requires long exposure to high temperature (reflux), as both reduction of either reaction 
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time or temperature led to practically exclusive recovery of the starting material. It is 
therefore assumed that the isomerization bears high activation energy. 
Previous reports describe the isomerization of dipropargyl acetic acid 1b to 
meta-toluenic acid 2 upon either thermal exposure of an aqueous solution or treatment 
with acid without heating (Perkin & Simonsen, 1907). These findings appear to 
contradict the above statements regarding required reaction conditions. It is assumed 
that the rearrangement originates from the alkene-allene precursor shown in Figure 4-1. 
The formation of the allene is driven by conjugation based on enolization of the central 
carbonyl. This process, may be catalyzed either by acidic or basic conditions. The 
reported acid-induced isomerization of 1 under comparably mild conditions suggests a 
more effective acidic catalysis compared to the base-induced reaction. 
Scheme  4-4  displays  a  proposal  for  the  mechanism  of  the  cyclization.  The 
reaction can be described as an intramolecular nucleophilic addition of an allene-enolate 
to an alkyne. The reaction follows a 6-endo-dig route, which commonly is less favored 
compared to the competing 5-exo-dig cyclization (Gilmore & Alabugin, 2011). 
However, Vasilevsky et al. reported a similar 6-endo-dig cyclization for an alkyne 
without enhanced electrophilicity (Vasilevsky, Baranov, Mamatyuk, Gatilov, & 
Alabugin, 2009). Tautomeric rearrangement of the resulting vinyl anion through a 
formal 1,2-hydrogen shift provides a resonance stabilized anion, which upon 
protonation readily leads to the substituted toluene derivative. 
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Scheme  4-4: Proposed cyclization mechanism 
4.4 Conclusions 
We have described a new route to simple aromatic compounds based on the 
cyclization of 1,6- hexadiynes. The reaction requires a minimum of one hydrogen atom 
at each sp3-hybridised carbon of the starting material. Although the presence of an 
electron-withdrawing group at the central carbon is required, initial air induced 
oxidation enables partial cyclization of 2-propynyl-3-butynol as well. 
  
75 
 
 : Unexpected mono-coupling “click chemistry’’ of di-Chapter 5
terminal alkyne  
 
 
5.1 Introduction 
The discovery of click chemistry by Sharpless and co-workers in 2001 is 
considered as the most straightforward synthesis of 1,3-dipolar cycloaddition of azide 
and terminal alkynes (Stefani et al., 2011) (Kolb et al., 2001).  Although the concept of 
click chemistry was only introduced in the last decade, the copper-catalyzed azide-
alkyne cycloaddition (CuAAC) has already become one of the most utilized reactions in 
various application fields (Meldal & Tornøe, 2008) (Such et al., 2012) (Dedola, 
Nepogodiev, & Field, 2007b).
 
The CuAAC combines the advantages of simple reaction 
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conditions, regioselectivity (in contrast to the thermal process), high efficiency under 
mild conditions, minimal by products and practically no significant side reactions, while 
being compatible with most functional groups, thus enabling a wide application 
potential. It is frequently accessed in drug discovery, polymer and material science, the 
life science sector etc. (Dedola et al., 2007b) (Kolb & Sharpless, 2003) (Meldal & 
Tornøe, 2008). Recently, the synthesis of symmetrical and unsymmetrical bis-triazoles 
using the CuAAC has attractive considerable interest in the coordination chemistry 
(Schuster et al., 2009) (Albrecht, 2008) (Stefani et al., 2011) (Heckenroth et al., 2008) 
(Karthikeyan & Sankararaman, 2009) (Lalrempuia, McDaniel, Müller-Bunz, Bernhard, 
& Albrecht, 2010). Despite several successful reports on the synthesis of symmetrical 
and unsymmetrical bis-triazoles (Fiandanese et al., 2009) (Aizpurua et al., 2010), 
Bradley et al. (Doak et al., 2011) reported that the synthesis of a number of 
unsymmetrical bis- triazoles based on the reaction of TMS butadiyne with benzyl azide 
under standerd CuAAC condition only gave trace amounts (5%) of the symmetrical 
product (bis-triazole) but 53% of mono-triazole. The unusual output was attributed to 
the acidic nature of the substrate.  
 In the attempts to prepare new double-headed carbohydrate surfactants using 
the click chemistry concept, we experienced difficulties to drive the reaction of 
dipropargylic substrates to completion. Instead of the expected bis-triazoles the only 
mono-click products were obtained in surprisingly high yield.  
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5.2 Materials and methods  
5.2.1 Material and Characterization  
Starting materials and solvents of analytical grade were acquired from various 
commercial sites and used without further purifications. TLC analyses were performed 
on silica gel 60 (Merck F254) and were visualized by UV, 15 % ethanolic sulfuric acid 
and subsequent heating or treatment with potassium permanganate. 
1
H NMR and 
13
C 
NMR spectra were recorded in CDCl3 on a 400 and 600 MHz spectrometers at room 
temperature. Matrix-assisted laser desorption/ionization (MALDI) time of flight (TOF) 
mass spectra were recorded at the Mass Analytical Service Centre of the National 
University of Singapore on a Shimadzu/Kratos (Columbia, MD) AXIMA CFR mass 
spectrometer in reflection mode. The samples were co-precipitated with 2,5-dihydroxy-
benzoic acid (DHB, 5 mg/100 µl in MeOH/H2O 1:1) and were irradiated by a N2-laser 
at λ=335 nm. 
5.2.2 Experimental 
 
5.2.2.1 Dimethyl 2,2-di(propynyl)malonate (5) 
A procedure similar to that reported in literature (Carney et al., 2008) was 
employed. Dimethyl malonate (6.0 mL, 52 mmole) was added dropwise to a suspension 
of sodium hydride (60 % wt in mineral oil, 4.22 g, 105.5 mmol) in dry THF (100 mL) 
which was stirring at 10°C. Then the reaction mixture was left stirring for 10min., and 
then propargyl bromide (80 % wt. In toluene, 12.0 mL, 107.7 mmol) was added 
dropwise.  The reaction mixture was warmed to room temperature and stirred for 
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overnight. The reaction mixture was extracted three times with water and Et2O. The 
combine organic phases were washed with brine water, dried over MgSO4, filtered and 
concentrated on a rotary evaporator leaving white solid. The solid was crystallized from 
ethyl acetate to give 9.44 g of a crystalline white solid (84 % yield). 
 
5.2.2.2 Methyl-2-bis (propynyl) acetate          
The synthesis of methyl 2-(2-propynyl)-4-pentynoate was carried out according 
to the method reported in the literature (Carney et al., 2008). Dimethyl 2,2-
di(propynyl)malonate (4.70 g, 22.6 mmole) and lithium chloride (2.95 g, 69.70 mmole) 
were dissolved in a mixture of 1 mL water and 40 mL DMSO. The mixture was then 
reflux for 1h. After cooling, the mixture was extracted with CHCl3 and H2O. The 
combined organic phases were washed with brine water and dried over MgSO4, filtered 
through silica gel and concentrate in a rotary evaporator to give yellow oil. The crude 
oil was purified by flash chromatography column using 20 % ethyl acetate in hexane as 
the eluent to give 3.0 g of a pale yellow oil (90 % yield). 
 
5.2.2.3 2-Bis (propynyl) acetic acid                  
Hydrolysis of methyl-2-bis (propynyl) acetate (3 g, 20.11 mmole) was done by 
additional of NaOH (10 g, 250 mmole) in aqueous ethanol (24 mL, 75 % v/v). The 
mixture was then reflux for overnight at 90 °C.  After evaporation the solvents, water 
and DCM were added to the residue, and the mixture was acidified with dilute 
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hydrochloric acid to pH 1. The organic phase was washed with brine water and dried 
over MgSO4, The crude was purified by flash chromatography followed by subsequent 
crystallization to give 1.7 g from the corresponding carboxylic acid (60 % yield). 
1
H 
NMR (CDCl3) δ=10.29 (bs, 1H, OH); 2.86- 2.79 (m, 1H, CH(CH2)2), J1,2; 1,3 = 6.21, 
12.76; 2,68 (bs, 4H, 2x CH2); 2.05 (t, 2H, 2x CH-propargyl). 
13
C NMR (CDCl3) δ= 
178.48 (COOH); 80.15 (2x C =CH); 70.84 (2x C= CH); 42.89 (CH); 19.60 (2x CH2). 
 
5.2.2.4 2-Bis (propynyl) acetic chloride (6) 
To a stirred solution of 2-bis (propynyl) acetic acid (2 g, 14.80 mmole) in CHCl3 
100 mL, oxalyl chloride (3.75 g, 29.60 mmol) was added slowly. The reaction mixture 
was reflux at 50 °C for overnight, then concentrated in a rotary evaporator and used 
directly for the next reaction. The residue was yellowish 2.2 g (98 % yield).  
 
5.2.2.5 N,N-dihexyl-2-bis (propynyl) acetanamide (7) 
2-bis(propynyl) acetic chloride (2 g, 12.93 mmole), dihexylamine (3.6 g, 19.4 
mmole) and triethylamine (5.41 mL, 38.54 mmole) were mixed in acetoneitrile, then the 
mixture was refluxed for overnight. The solvent was evaporatord and the residue 
purified by flash chromatography column using 20 % ethyl acetate in hexane as the 
eluent to give 2.6 g of a pale yellow oil (66 % yield). 
1
H NMR (CDCl3) δ=3.34 (t, 4H, 
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N(CH2)2; 3.06 (p, 1H, CH); 2.50- 2.48 (m, 4H, 2x CH2-propargyl); 2.00- 1.98 (m, 2H, 
2x CH propargyl); 1.65- 1.58, 1.55- 1.49 (2x m, 2x 2H, 2x B-CH2); 1.30 (bd, 12H, bulk-
CH2); 0.92- 0.86 (m, 6H, 2x CH3). 
13
C NMR (CDCl3) δ=172.15 (CO); 81.46 (2x C 
=CH); 70.00 (2x C= CH); 48.26, 46.66 (2x N(CH2)2); 39.81 (CH); 31.59, 31.51 (2x ∞-
2); 29.69, 27.49 (2x ∞-1); 26.63, 26.53 (bulk-CH2); 22.57, 22.55 (2x B-CH2); 21.85 (2x 
CH2-propargyl); 13.99, 13.93(2x CH3). 
 
5.2.2.6 Allyl 2,3,4,6-tetra-O-acetyl- -D-glucopyranoside (1)  
    (10 g, 25.6 mmol) glucose pentaacetate and 1.9 mL (27.8 mmol, 1.1 eq.) allyl 
alcohol were dissolved in 120 mL dichloromethane and treated with 4.8 mL (38.2 
mmol, 1.5 eq.) BF3xEt2O. The reaction was stirred at room temperature for 3h and then 
washed with an aqueous solution of NaHCO3 and dried over MgSO4. The solvent was 
concentrate and crystalized by ethanol to get (6.4 g) white crystal and the residue was 
purified by column chromatography using hexane: ethyl acetate (3:1) as eluent to obtain 
(2.3 g), total yield was 87 %. 
1
H NMR (CDCl3) δ= 5.80-5.65 (m, 1H, allylic CH=); 
5.20-5.10 (m, 2H, allylic CH2=); 5.08 (ddt, 1H, H-3); J=9.50  Hz; 4.95 (ddt, 1H, H-
4); J=10.00 Hz; 4.87 (ddt, 1H, H-2); J=9.50 Hz; 4.47 (d, 1H, H-1); J=8.07 Hz; 4.25-
4.09 (m, 2H, H-6); 4.06-3.91 (2m, 4H, H-6, OCH2); 3.64 (ddd, 1H, H-5); J=4.5, 2.5 Hz; 
1.97, 1.93, 1.91, 1.89 (4x s,3H, 4x Ac); 
13
C NMR (CDCl3) δ= 170.51, 170.11, 
169.31,169.20 (4x COCH3); 133.26 (CH=CH2); 117.46 (CH=CH2); 99.43 (B C1); 72.72 
(C4); 71.62 (C2); 71.16 (OCH2); 69.88 (C6); 68.31 (C3); 61.82 (C5); 20.60, 20.53, 
20.47 (4x OCH3). 
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5.2.2.7 2,3-Epoxypropyl 2,3,4,6-Penta-O-acetyl--D-glucopyranoside (3a + 3b)  
    Compound 1 (2 g, 5.15 mmol) was dissolved in 100 mL dichloromethane,  
MCPBA (2.2g, 12.8mmol, 2.5eq.) was added to the solution  and the mixture left stirred 
overnight at room temperature. The reaction mixture washed with an aqueous solution 
of NaHCO3 twice. The organic layer was dried over MgSO4 and evaporatord in vacuo 
to concentrate. 20 mL of ethyl acetate was added to the mixture to crystalize to give 
pure compound 2 (1 g) white crystal and the residue was purified by flash 
chromatography over silica gel (3:1 hexane: ethyl acetate) to give (0.6 g) pure, total 
yield was 77 %. 
 1
H NMR (CDCl3) δ= 5.12/5.05 (2 ddt, 1H, H-3); J=9.50 Hz;  
5.00/4.95 (2 ddt, 1H, H-4); J=10.0, 4.91/4.89 (2 dd, 1H, H-2); J=9.50 Hz; 4.57/4.48 (2 
d, 1H, H-1); J=8.00 Hz; 4.19/4.16 (dd, 1H, H-6a); J=12.00 Hz; 4.04 (ddbd, 1H, H-6b); 
3.91, 3.79 (2 dd, 1H, OCH2 I); J=3.00 Hz; 3.74, 3.64 (2 dd, 1H, OCH2 II); J=6.50 Hz;  
3.64 (m, 1H, H-5); 3.05 (m, 1H, CH2CHOCH2); J=2.50 Hz; 2.69 (m, 1H, CH2CHOCH2 
I); 2.56/2.46 (m, 1H, CH2CHOCH2 II); 2.08, 2.07, 2.04, 2.01 (4x s, 3H, 4x COCH3); 
13
C NMR (CDCl3) δ=170.96, 170.46, 170.05, 169.31 (4x COCH3); 100.90, 100.39 (2 x 
C1); 72.69, 72.65 (2x C3); 71.79 (C5); 71.02 (C2); 70.43, 68.99 (OCH2); 68.20, 68.19 
(C4); 61.62 (C6); 50.41, 50.15 (CH2CHOCH2); 43.97, 43.92 (CH2CHOCH2);  20.57, 
20.52, 20.45 (4x COCH3). 
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5.2.2.8 (2ʹ-hydroxy-3ʹ-azidopropyl)-2,3,4,6-Penta-O-acetyl--D-glucopyranoside 
(4a + 4b) 
     Anhydrous NaN3 (0.8 g, 12.3 mmol, 2.5 eq.) was added to a DMF solution of 
compound 2 (2 g, 4.9mmol, 1eq.) and the solution was stirred at 80 °C for overnight. 
Removed the solvent by evaporation in vacuo, washed the residue with water and DCM, 
separated the organic layer and dried over MgSO4 and then concentrated to give 
compound 3 as a syrup (2 g, yield 90 %). 
1
H NMR (CDCl3) δ= 5.22 (ddt, 1H, H-3); 
J= 9.44; 5.10-5.03 (2 ddt, 1H, H-4); J=10.0; 4.97 (2 dd, 1H, H-2); J=9.50; 4.55 (2 d, 
1H, H-1); J=8.00; 4.25-4.15 (m, 2H, H-4, H-6); 3.99-3.69 (m, 4H, H-5, OCH2CHOH, 
OCH2CHOH); 3.40-3.27 (m, 2H, CHOHCH2N3); 2.10, 2.06, 2.04, 2.01 (4x s, 3H, 4x 
Ac); 
13
C NMR (CDCl3) δ= 170.61, 170.14, 169.42, 169.38 (4x COCH3); 101.40, 
101.28 (C1); 72.72,72.57 (C3); 72.16 (OCH2CHOH); 71.95 (OCH2); 71.24, 71.22 (C2); 
69.66, 69.53 (C5); 68.41, 68.35 (C4); 61.97, 61.95 (C6); 53.00, 52.98 (CHOHCH2N3); 
20.58, 20.29 (COCH3). 
 
5.2.2.9 Methyl 3,5-dihydroxybenzoate 
2 mL of concentrate H2SO4 was added to a stirred solution of 3,5-
dihydroxybenzoic acid (4.0 g, 25.95 mmole) in methanol.  The reaction mixture was 
then refluxed for 2h at 100 °C. The solvent was evaporatord and the residue was taken 
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up in water and extracted with ethyl acetate three times. The combined organic phases 
were washed with brine water and dried over MgSO4, then concentrate in a rotary 
evaporator to give 4.2 g from the corresponding carboxylic acid (98 % yield).  
 
5.2.2.10 Methyl 3,5-dipropynylbenzoate  
 To a stirred solution of methyl 3,5-dihydroxybenzoate (4.0 g, 23.78 mmole) 
and K2CO3 (9.84 g, 71.36 mmole) in acetonitrile, propargyl bromide (7.85 mL, 89.20 
mmole) was added. The reaction mixture was refluxed at 80 °C for overnight.  The 
mixture was filtered, then the solvent was evaporatord and the residue extracted three 
times with DCM and water. The combined organic phases were washed with brine 
water and dried over MgSO4, then concentrated in a rotary evaporator to give 5.0 g 
yellowish solid (86 % yield).  
O
HC
O
CH
OH
Chemical Formula: C13H12O3
Molecular Weight: 216.2326
 
5.2.2.11 3,5-Dipropynylbenzayl alcohol  
A similar procedure to that reported in literature (Cai, Jiang, Shen, & Fan, 
2012a) was employed.  
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5.2.2.12 3,5-Dipropynylbenzayl bromide 
The synthesis procedure was carried out according to the method reported in the 
literature (Cai, Jiang, Shen, & Fan, 2012b). 
 
5.2.2.13 N-(3,5-dipropynylbenzayl)-N,N-dihexylamine (8) 
Tetrabutylammonium bromide (0.5 g, 1.55 mmole) was added to a solution of 
3,5-dipropynylbenzayl bromide (1.7 g, 6.1 mmole) and dihexylamine (2 mL, 8.6 
mmole) in DCM (40 mL) and 2N of sodium hydroxide solution. The reaction mixture 
was stirred for overnight at room temperature, then poured into distilled water and 
extracted with DCM three times. The combined organic phases were washed with brine 
water and dried over MgSO4, and concentrate in a rotary evaporator to give yellow oil. 
The crude oil was purified by flash chromatography column using 20% ethyl acetate in 
hexane as the eluent to give 2.0 g of a colorless oil (87 % yield). 
1
H NMR (CDCl3) δ
=6.58 (s, 2H, 2x CH-benzene); 6.43 (s, 2H, CH-benzene); 4.60, 4.59 (2x s, 4H, 2x 
OCH2); 3.46 (s, 2H, CH2N); 2.44 (t, 2H, 2x CH propargyl); 2.37- 2.34 (m, 4H, 
N(CH2)2); 1.43- 1.36 (m, 4H, 2x B-CH2); 1.25- 1.15 (m, 12H, bulk-CH2); 0.80 (t, 6H, 
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2x CH3). 
13
C NMR (CDCl3) δ=158.56 (2x C-benzene); 137.00 (C-benzene); 108.24 
(2x CH-benzene); 100.91 (CH-benzene); 78.54 (2x C =CH); 75.42 (2x C= CH); 58.57 
(CH2benzylN); 55.90 (2x CH2-propargyl); 53.76 (N(CH2)2); 31.78 (2x ∞-2); 27.11 (2x ∞
-1); 22.66 (2x B-CH2); 14.05 (2x CH3). 
 
5.2.2.14 3,5-Di-propynyl banzayl-2,3,4,6-tetra-O-acetyl--D-glucopyranoside (2) 
 (10g, 25.6mmol) glucose pentaacetate and 6.0 g (28.17 mmol, 1.2 eq.) 3,5-
dipropynylbenzayl alcohol were dissolved in 120 mL dichloromethane and treated with 
9.6 mL (76.4 mmol, 1.5 eq.) BF3xEt2O. The reaction was stirred at room temperature 
for 3h and then washed with an aqueous solution of NaHCO3 and dried over MgSO4. 
The solvent was concentrate and purified by column chromatography using hexane: 
ethyl acetate (3:2) as eluent to obtain (9.5 g), yield was 67 %. 
1
H NMR (CDCl3) δ= 
6.55 (bs, 3H, CH-benzene); 5.20-5.04(m, 2H, H-3, H-4); 4.83 (d, 1H, H-1), J= 12.74; 
4.67 (d, 4H, (OCH2)2), J=2.36; 4.59- 4.55 (m, 2H, CH2-benzyl); 4.28, 4.25 (dd, 1H, H-
2), J=4.68; 4.18- 4.09 (m, 2H, H-6); 3.70- 3.66 (ddd, 1H, H-5), J=7.00, 4.60; 2.55 (t, 
2H, (C=H)2), J=2.34; 2.10, 2.03, 2.02, 2.00 (4x s, 12H, OCH3). 
13
C NMR (CDCl3) δ= 
170.67, 170.24, 169.39, 169.36 (4x CO); 158.75 (2x C benzene); 139.21 (C benzene); 
107.23 (2x CH benzene); 101.57 (CH benzene); 99.25 (C-1); 78.29 (C-propargyl); 
75.80 (CH-propargyl); 72.80 (C-4); 71.85 (C-2); 71.28 (C-5); 70.30 (CH2-benzyl); 
68.36 (C-3); 61.90 (C-6); 55.89 (2x OCH2); 20.73, 20.67, 20.58, 20.56 (4x COCH3). 
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5.2.3 General Procedure for Click-Chemistry 
A solution of the azide compound and the dendrimer propargyl building blocks 
compound in methanol (5mL) was treated with copper chloride or copper iodide. The 
mixture was stirred at room temperature for overnight. The reaction mixture was filtered 
through ciliate and concentrated under reduced pressure, the residue was purified 
through silica gel with 9:1 chloroform: methanol as eluent to result the corresponding 
mono-click propargyl compounds.  
 
5.2.3.1  2-((2ʹ-hydroxypropyl-2,3,4,6-tetra-O-acetyl--D-glucopyranosyloxy)methyl 
-1,2,3-mono-triazole)-N,N-dihexylpent-4-yn amide (10) 
3.2 g (7.15 mmole) of sugar azide 4 and 1.0 g (3.35 mmole) of di-propargyl 
compound 7 were subjected to click chemistry reaction, according to general procedure 
5.2.3 to give 2.0 g product (yield 79 %). 
1
H NMR (CDCl3) δ=7.50- 7.46 (m, 1H, CH-
triazole); 5.24- 5.20 (m, 1H, H-3); 5.08- 5.04 (m, 1H, CHOH); 5.03- 4.98 (m, 1H, H-1); 
4.60- 4.56 (m, 1H, H-2); 4.48- 4.13 (m, 4H, OCH2, H-4, H-5); 3.90- 3.59 (m, 4H, H-6, 
CH2-triazole); 3.50- 3.10 (m, 4H, N(CH2)2, triazole-CH2); 3.01- 2.78 (m, 4H, COCH, 
CHCH2, CH-propargyl); 2.08, 2.07, 2.06, 2.05, 2.02, 2.00 (s, 12H, CH3CO); 1.37-1.13 
(m, 16H, bulk-CH2); 0.88- 0.86 (m, 6H, CH3). 
13
C NMR (CDCl3) δ=173.74 (CON); 
171.34, 170.63, 170.15, 169.55, 169.41 (4x COCH3); 144.66 (m, C-triazole); 123.77 (m, 
CH-triazole); 101.30, 101.14 (C-1); 77.23 (C-propargyl); 73.99 (CH-propargyl); 72.57 
(C-4); 72.02, 71.93 (CHOH); 71.66, 71.60 (OCH2); 71.24 (C-2); 69.12, 69.08 (C-5); 
68.34 (C-3); 61.83 (C-6); 52.67, 52.51, 52.41 (m, CH2-triazole); 48.12, 48.01, 46.38, 
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47.73 (N(CH2)2); 45.73 (CH2-triazole); 41.60 (COCH); 31.55, 31.44 (∞-2); 29.68, 
29.34, 29.30, 28.29 (bulk-CH2); 27.55 (CH2-propargyl); 26.61, 26.42 (B-CH2); 22.57, 
22.53 (∞-1); 20.68, 20.55 (CH3CO); 14.02, 13.99 (CH3). HRMS (MALDI) mono-
coupling calcd. for C37H58N4O12 [M+Na]: 773.39; found: 774.64;  di-coupling calcd. for 
C54H83N7O23 [M+Na]: 1220.54; found: 1220.64.  
 
5.2.3.2  3-((2ʹ-hydroxypropyl-2,3,4,6-tetra-O-acetyl--D-glucopyranosyloxy) 
methyl -1,2,3-mono-triazole)-5- propynyl benzyl-N,N-dihexyl amine (11) 
3.2 g (7.15mmole) of sugar azide 4 and 1.28 g (3.35 mmole) of di-propargyl 
compound 9 were subjectedto click chemistry reaction according to general produre 
5.2.3 to give 2.1 g product (yield 77 %). 
1
H NMR (CDCl3) δ=8.15- 8.09 (m, 1H, CH-
benzene); 6.61-6.31 (m, 3H, (CH-benzene)2, CH-triazole); 5.38 (d, 1H, H-1); 5.28 (t, 
1H, H-3), J=9.2; 5.08 (d, 2H, OCH2-triazole), J=4.3; 5.02- 4.74 (m, 3H, CHOH, OCH2); 
4.46- 4.41 (m, 1H, H-2); 4.30- 4.16 (m, 3H, H-4, H-6); 4.05- 3.99 (m, 3H, H-5, CH2-
benzyl);  3.74- 3.66 (m, 2H, triazole-CH2); 2.40- 2.30 (m, 4H, N(CH2)2); 2.03, 2.01, 
1.98, 1.94 (s, 12H, CH3CO); 1.41- 122 (m, 16H, bulk-CH2); 0.82 (t, 6H, CH3).  
13
C 
NMR (CDCl3) δ=170.68, 170.11, 169.66, 169.44 (4x COCH3); 159.34 (Cbenzene); 
158.46 (C-benzene); 146.98 (C-triazole); 142.71 (Cbenzene-benzyl); 124.90 (b, CH-
triazole); 108.53 ((CH)2 benzene); 101.26 (m, C-1, CH benzene); 74.41 (CH-propargyl); 
72.56 (C-4); 72.01, 71.91 (C-2); 71.60, 71.56 (OCH2, OCH2triazole); 71.23 (C-3); 71.04 
(CH2-benzyl); 68.90 (CHOH); 68.32 (C-5); 61.80 (C-6); 58.44 (OCH2-propargyl); 
56.32 (N(CH2)2); 53.50 (b, CH2-triazole); 31.65, 31.38 (∞-2); 27.01, 26.68 (B-CH2); 
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22.59, 22.48 (∞-1); 20.66, 20.54 (CH3CO); 14.01, 13.94 (CH3). HRMS (MALDI) 
calcd. for C39H60N4O13 [M+Na]: 793.43; found: 793.42. 
 
5.2.3.3  3,5-Bis(ethayl-2,3,4,6-tetra-O-acetyl--D-glucopyranosyloxy-1H-1,2,3-
triazol-1-yl-4,4'-methoxyl) benzyl alcohol (12) 
1.3 g (3.11 mmole) of sugar azide 9 with 0.33 g (1.55 mmole) of 3,5-
Dipropynylbenzayl alcohol were subjectedto click chemistry reaction according to 
general produre 5.2.3, to gave 1.2 g product (yield was 75 %). 
1
H NMR (400 MHz, 
CDCl3) 7.63 (s, triazole), 6.57 (d, 2H, CH-benzene), 
3
JCH = 2.0, 6.47 (bt, CH-benzene), 5.12-
5.08 (m, 6H, H-3, OCH2), 4.98 (t, H-2), 
3
J2,3 = 9.5, 4.91 (dd, H-4), 
3
J4,5 = 9.5,  4.56 (s, 
CH2-Benzyl), 4.54 (t, CH2aN), 4.46 (dd, H-6a), 
2
J = 3.4, 4.41 (d, H-1), 
3
J1,2 = 7.9, 4.19-
4.14 (m, OCH2), 4.05 (dd, H-6b), 
2
J= 2.2, 3.89-3.84 (m, CH2bN), 3.63 (ddd, H-5), 
3
J5,6 = 
9.9, 7.52, 2.00, 1.94,1.92, 1.87 (4s, 3x4 H, Ac). 
13
C NMR (100MHz, CDCl3) 170.61, 
170.13, 169.44, 169.42 (4x COCH3), 159.50 (2x Cbenzene), 144.13, 144.10 (C-triazole), 
143.74 (Cbenzene), 124.26, 123.96 (CH-triazole), 105.88, 105,82 (2x CHbenzene), 100.02, 
100.93 (CHbenzene), 100.45 (C-1),  72.45 (C-3), 71.93 (C-4), 70.93 (C-2), 68.22 (C-5), 
67.68 (2x OCH2), 64.82 (CH2-benzyl), 61.80 (OCH2), 61.74 (C-6), 50.08, 49.74 (CH2N),  
20.70, 20.55 (Ac). HRMS (MALDI) calcd. for C45H58N6O23 [M+Na]: 1073.34, [M+K]: 
1089.31; found: 1073.84, 1089.81.   
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5.2.3.4 3,5-Bis(1H-1,2,3-triazol-1-yl-4,4'-methoxyl)benzyl alcohol (13)      
0.7 g (5.55 mmole) of hexylazide with 0.5 g (2.31 mmole) of 3,5-
Dipropynylbenzayl alcohol di-propargyl were subjectedto click chemistry reaction 
according to general produre 5.2.3  to gave 0.7 g  product (yield was 66 %). 
1
H NMR 
(400 MHz, CDCl3) 7.63 (s, triazole), 6.57 (bd, 2H, CH-benzene), 6.48 (bt, CH-benzene), 5.11 
(s, 2x2 H, OCH2)  4.60 (s, CH2-Benzyl), 4.32 (t, 2x2 H, NCH2), 1.88 (p, 2x2 H, B-CH2), 
1.29 (bs, 12 H, bulk-CH2), 086 (t, 3x2 H, CH3). 
13
C NMR (100MHz, CDCl3) 159.43 (2x 
Cbenzene), 144.10 (C-triazole), 144.19 (Cbenzene), 122.78 (CH-triazole),   105.79 (2x CHbenzene), 
100.97 (CHbenzene), 64.62 (CH2-benzyl), 61.93 (2x OCH2), 50.49 (2x CH2-triazole), 31.10 (
ω-2), 30.17 (bulk-CH2), 26.12 (B-CH2), 22.37 (ω-1); 13.921 (2x CH3). 
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5.3 Results and Discussion 
The general strategy used for the synthesis of the target carbohydrate-triazole 
derivatives is based on the regioselective CuAAC of organic azides with terminal 
alkynes. The synthesis starts with the preparation of 2ʹ-hydroxy-3ʹ-azidopropyl 2,3,4,6-
tetra-O-acetyl--D-glucopyranoside (4a + 4b) (Scheme 5-1), which was synthesized by 
epoxidation and subsequent ring-openning azidation of allyl 2,3,4,6-tetra-O-acetyl-B-D-
glucopyranoside (1). mCPBA was applied to prepare the epoxide (3) (Barnett & Ralph, 
1971; Legler & Bause, 1973), which furnished azide (4) in 90 % yield. The alternatively 
used azide building block (9) was prepared according to a literature procedure 
(Mattarella & Siegel, 2012).  For the preparation of the dipropargylated building block 
(2) -glucose pentaacetate was reacted with 3,5-dipropnyloxy benzyl alcohol  (Cai et 
al., 2012a) under BF3-catalysis (Barnett & Ralph, 1971), affording 2 in 67 % (Scheme 
5-1).  
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Scheme  5-1: Synthesis of glucose pyranoside precursor compounds. 
The synthesis of methyl-2-(2-propnyl)-4-pentynoate was carried out according 
to the literature (Carney et al., 2008). The hydrolysis of methyl-2-(2-propnyl)-4-
pentynoate was achieved by treatment with strong base in aqueous alcohol at elevated 
temperature (reflux) to give the products in conversion yield 60%.  Although the 2-
bis(propnyl) acetic acid 6 was refluxed with oxallylic chloride in CHCl3 and the product 
conduct to next reaction with dihexyl amine in present of K2CO3 to affording the 
corresponding compound 7 (Scheme 5-2) (66%).   
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Scheme  5-2: Synthesis of di-propargyl compounds. 
The click reaction was studies using differing molar ratios of azido glucosides 
and bis-propargyls of 2:1 and 3:1. However, the variation did not alter the reaction 
output at all; only mono-triazole products were obtained. The reaction was performed in 
methanol as the solvent leading to isolated product yields for the mono-triazole as high 
as 70-80 %. In contrast, the reaction of sugar di-propargyl compound (2) with hexyl 
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azide did not furnish any click product. This could be due to steric hindrance or/and 
some kind of coordination obstacle blocking the active side of the click chemistry 
reaction. The reaction was investigated for altogether three different copper catalysts, 
i.e. CuCl, CuI and CuSO4/Na-ascorbate, but reproducibly furnished no triazole. This 
result is surprising, since in general no significant differences in the reactivity were 
observed for propargyls connected with an aromatic and aliphatic group.  
 
 
A) Mono coupling of dipropargylic system.  
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B) Di-coupling of of dipropargylic system. 
Scheme  5-3: Synthesis of unexpected “click” chemistry compounds. 
The mono-coupling was confirmed by a detailed spectroscopic analysis of the 
reaction products using FT-IR, 
1
H NMR and 
13
C NMR. Spectra for the mono-click 
products 10 and 11 are displayed in Figures 5-1 to 5-3. The FT-IR spectra in Figure 5-1  
showed OH-stretching vibrations at 3358, 3351 and 3350 cm
-1
 and correlated bending 
vibrations at 1221, 1218 and 1224 cm
-1
, reflecting the presence of the carbohydrate 
azide. The peaks at 2117 and 2119 cm
-1
, on the other hand, confirmed the presence of 
the terminal triple bond. Triazole related C-N stretching vibrations were found at 1369, 
1159 and 1035 cm
-1
. More pronounced than in the IR was the triazole presence in the 
NMR spectra, shown in Figures 5-2 and 5-3. The triazole CH appeared in the 
1
H NMR 
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spectra as singlet peaks between 7 and 7.5 ppm, while the corresponding 
13
C NMR 
signals were found between 141 and 145 ppm for the triazole-C and at 122-125 ppm for 
the aromatic CH. The presence of diastereomers, owing to the racemic stereo-centre 
(CHOH) at the linker between the sugar and the triazole complicates a detailed NMR 
analysis. 
 
 
Figure  5-1: FT-IR spectrum for mono-coupling compounds 10 and 11. 
11 
10 
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Figure  5-2: The evolution of a) 1H NMR b) 13C NMR spectra (600 MHz, CDCl3, 298 K) for 
mono-coupling compound 10. 
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Figure  5-3: The evolution of a) 1H NMR b) 13C NMR spectra (600 MHz, CDCl3, 298 K) for 
mono-coupling compound 11. 
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5.4 Conclusion  
A number of mono-triazoles with remaining terminal alkyne function have been 
prepared by coupling of dialkynes with azidoalkyl glucosides in CuAAC “click 
chemistry” fashion. The spectroscopic characterization of the products, which were 
obtained in high reaction yields, confirmed both the single coupling and the remaining 
alkyne function.  
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 : The effect of aromatic groups on the behaviour of Chapter 6
reverse Y-shaped sugar-based surfactants 
                                             
6.1 Introduction 
Synthesis of surfactants has dramatically increased in recent years, reflecting the 
wide range of applications, these compounds are used for in daily life. Particular 
interesting surfactants are non-ionic, as their application potential is least restricted by 
salinity and pH variations. Among the non-ionic surfactants sugar-derived compounds 
experience highest interest, due to biocompatibility concerns and omnipresent 
renewable resources. Many studies have been aiming on industrial processes for these 
compounds as well as on their formulation, trying to optimize the economy of sugar-
based surfactants (Fukada, 2000; Lim et al., 2000; Penfold & Thomas, 2010; Rybinski 
& Hill, 1998)
. 
Glycolipids, as they are also termed, are associated with environmental 
independent performance, biological degradability as well as inexpensive and abundant 
resources. Moreover, their multi-hydroxy head-group ensures good water interaction 
despite missing ionic charges. This combination makes them highly interesting 
surfactants (Auvray, Petipas, & Anthore, 1995; Hoffmann & Platz, 2001; Imura et al., 
2007; Kocherbitov & Soderman, 2003; Ogawa & Osanai, 2012; Soderberg, Drummond, 
Furlong, Godkin, & Matthews, 1995). The structural diversity of sugar-based 
surfactants exceeds other surfactant classes by far, owing to the large number of stereo-
centres, which adds onto the regio-diversity. This variety potentially provide 
opportunities to fine-tune both biological and physical properties of sugar-based 
surfactants, in particular the assembly behaviour, thus giving rise to a vast number of 
applications in various fields, Features of particular interest involve i) the creation of 
bio-related ordered systems, i.e. vesicles, ii) a chiral environment, iii) potential 
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biological activity and iv) the ability to form ordered macroscopic assemblies, or liquid 
crystalline phases. 
Besides regio- and stereochemical effects of carbohydrate configurations, the 
linkage between the sugar head group and the hydrophobic chain affects the surfactant 
behaviour. This refers not only to the functional group that mediates the connection, but 
in particular to small molecular spacers and linkers that may be introduced between the 
two surfactant-antipodes, i.e. head group and tail. The current work focuses on the 
chemical synthesis and phase behaviour study of new reverse Y-shaped surfactants. 
This term refers to bi-antennary sugar-based surfactants exhibiting two hydrocarbon 
chains for the hydrophobic, and a single sugar for the hydrophilic domain. In between 
these two antipodes a variety of different linkers of both aliphatic and aromatic nature 
have been introduced in order to investigate the effect of the nature of this linker on the 
surfactant properties.  
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6.2  Materials and methods   
6.2.1 Material  
All Chemicals were purchased from various commercial sources and used 
without further puriﬁcation. The purification of all products applied column 
chromatography using the flash technique on silica gel 35-60 mesh (Merck). TLC was 
performed on precoated plates of silica gel 60 (GF254 by Merck). Visualization was 
achieved by treatment with 15 % ethanolic sulfuric acid and subsequent heating. 
6.2.2 Characterization 
Structural identities are based on NMR spectra (
1
H and 
13
C, recorded on a 
Bruker AVN-400 MHz spectrometer). Matrix-assisted laser desorption ionization 
(MALDI) time of flight (TOF) mass spectra were recorded at the Mass Spectral Service 
Centre of the National University of Singapore on a Shimadzu/Kratos (Columbia, MD) 
AXIMA CFR mass spectrometer in reflectron mode. The samples were co-precipitated 
with 2,5-dihydroxy-benzoic acid (DHB, 5 mg/100 µl in MeOH/H2O 1:1) and were 
irradiated by a N2-laser  atλ=335 nm. 
6.2.3 Determination of phase behaviour and interfacial properties 
Surface tension measurements were performed at 25 C under atmospheric 
pressure using a KSV Sigma 702 tensiometer. This instrument applies the DuNouy ring 
method.  The critical micelle concentration (CMC) was assessed as the intersection of 
the linear regressions of the surface tension against the logarithmic surfactant 
concentration for the concentration depending region and the concentration independent 
region at high surfactant concentration. The surface tension at this intersection point is 
called the surface tension at the CMC.  
 
The lyotropic phase behaviour of the glycolipids was investigated on an optical 
polarizing microscope (OPM) (Olympus BH-2 OPM equipped with Mettler FF82 hot 
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stage and Mettler FP80 Central Processor). The investigation was carried out at room 
temperature (around 27 ºC) applying two different solvents, one of which is polar 
(water) and the other one non-polar (1-undecanol). The stability investigation of 
emulsions applied a composition of 19 volumetric (4.75 mL) parts water and 1 part oil 
(methyl laurate) with a surfactant content of 0.5 %. The formulation was mixed with a 
homogenizer (T10 basic, IKA) for approximately 2 minutes at room temperature at a 
speed of 14,450 rpm. The emulsion samples were stored at room temperature and 
monitored on phase separation over a period of a few weeks.    
6.2.4 Experimental 
Non-ionic surfactants with reversed Y-shape (compounds 9, 11, 13 and 15) have 
been synthesized involving various spacers as shown in Scheme 6.1. In brief, 3,5-
dihydroxybenzoic acid was converted to its methyl ester, and subsequently bis-alkylated 
with hexyl bromide in the presence of potassium carbonate. Reduction of the ester with 
LiAlH4 furnished 3,5-bis(hexyloxy)benzyl alcohol 1, which was glycosylated with B-D-
Glucose pentaacetate in the presence of BF3OEt2. Alternatively applied azidoalkyl 
glycosides for a ‘click-chemistry’-based synthesis of reverse Y-shaped surfactants were 
already described in chapter 3. N-(2-propynyl)-dihexyl amine 2 was prepared by 
refluxing dihexyl amine with excess of propargyl bromide in the presence of potassium 
carbonate. Compounds 2 and 7 were coupled in CuAAC click chemistry-fashion to 
afford the surfactant precursor 13 in good yields, see Scheme 6-3.  
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Scheme  6-1: Synthesis Scheme for the hydrophobic parts.  
 
Scheme  6-2: Synthesis of hydrophilic part. 
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Surfactant precursor 9 was prepared by reacting 2-bromoethyl-2,3,4,6-tetra-O-
acetyl-beta-D-glucopyranoside 5 (C. Li & Wong, 2003) with dihexyl amine in a 
nucleophilic replacement reaction, whereas surfactant 15 applied a click coupling of 
azidoalkyl glucoside 8 (Mattarella & Siegel, 2012) with alkyne compound 3. The 
structures of all synthesized compounds were confirmed by NMR spectroscopy and 
mass spectrometry. The most important 
1
H NMR peaks for surfactants 11 and 12 are the 
signals of the p-substituted benzene ring, found atδ= 6.41 and 6.38 ppm. The signals 
for the secondary sugar hydrogen-atoms at acetylated oxygen (H-2 to H-4) appear 
between δ5.20 and 5.04 ppm, while the anomeric proton (H-1) is found around 
4.80 ppm. The benzyl-protons were observed at 4.54 ppm. Upon deacetylation the sugar 
signals shift towards high field, while the signal reflecting the acetates at around 
2.00 ppm disappears. The 
1
H NMR for 9 shows hydrogens at the acetylate sugar 
carbons (H-2 to H-4 and H-6) between 5.19 to 3.91 ppm. The protons of the linker were 
found at 3.75 ppm for OCH2,  at 2.76 ppm for CH2N and at 2.5 ppm for N(CH2)2. The 
corresponding 
13
C NMR indicates the nitrogen linked methylene groups at 54.77 and 
53.33 ppm. The deacetylation is reflected in the loss of signals for the acetates and an 
up-field shift for corresponding sugar proton in the 
1
H NMR. The triazole-hydrogen for 
the acetylated surfactant precursor 13 was found at 7.43 ppm. The sugar acetylate 
proton peaks appear in multiple broad system due to the high possibility of hydrogen 
bond, The corresponding 
13
C NMR indicates triazole-hydrogen shown at 130.02, 130.04 
while the signal of the C-1 shows two peaks at 101.14 and 100.85 due to the anomeric 
system. Upon deprotection acetate-related peaks disappear both in the 
1
H as well as in 
the 
13
C NMR spectrum, thus confirming the success of the reaction. Unlike the NMR-
spectra for compounds 13 and 14, which suffer from the presence of a diastereomeric 
product mixture, surfactant precursor 15 and its deacetylated analogue 16 exhibited very 
clear spectra for a distinct, single isomer.  
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Scheme  6-3:  Synthesis of reverse Y-shape sugar-based surfactants. 
 
 
6.2.4.1 Methyl-3,5-dihydroxybenzoate 
2 mL of concentrated H2SO4 was added to a stirred solution of 3,5-
dihydroxybenzoic acid (4.0 g, 25.95 mmole) in methanol.  The reaction mixture was 
then refluxed for 2h at 100 °C. The solvent was evaporatord and the residue was taken 
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up in water and ethyl acetate for three times. The combined organic phases were washed 
with brine water and dried over MgSO4, then concentrate in a rotary evaporator to give 
4.2 g from the corresponding ester (98 % yield).  
 
6.2.4.2 Methyl-3,5-bis(hexyloxy)benzoate  
1-bromohexane (7 mL, 49.86 mmole) was added to a stirred solution of methyl-
3,5-dihydroxybenzoate (4.0 g, 23.78 mmole) and K2CO3 (9.84 g, 71.36 mmole) in 
DMF,. The reaction mixture was refluxed at 80 °C for overnight.  The mixture was 
filtered, and then the solvent was evaporatord. The residue was extracted with DCM and 
water for three times. The combined organic phases was washed with brine water and 
dried over MgSO4, then concentrated in a rotary evaporator to gave 7.2 g green dark oil 
(90 % yield). 
1
H NMR (CDCl3) δ= 7.61 (s, 2x CH-benzene); 6.63 (s, CH-benzene); 
3.96 (t, 4H, (OCH2)2); 1.77 (p, 4H, B-CH2); 1.45 (p, 4H, ∞-CH2); 1.33 (bs, 8H, bulk-
CH2); 0.90 (t, 6H, 2x CH3). 
13
C NMR (CDCl3) δ= 166.99 (CO); 160.16 (2x Cbenzene); 
131.82 (Cbenzene); 107.63 (2x CHbenzene); 106.59 (CHbenzene); 68.32 (2x OCH2); 31.54 (ω-
2); 29.14 (bulk-CH2); 25.67 (B-CH2); 22.58 (ω-1); 14.00 (2x CH3).  
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6.2.4.3 3,5-Bis(hexyloxy)benzyl alcohol (1)  
Lithium aluminium hydride (0.5 g, 13.51 mmol) was added to a stirred solution 
of methyl-3,5-bis(hexyloxy)benzoate (3.0 g, 8.91 mmol) in (100 mL) anhydrous THF at 
10 ° C. The reaction mixture was allowed to warm to room temperature and stirred for 
overnight. 0.5 mL of water was added slowly to stop the reaction, an aq. 10 % NaOH 
solution (1 mL), and then additional water (2 mL). Then the reaction mixture was left to 
stir for around 30 min. until the suspended solids become white. The reaction mixture 
was filtered and the solid rinsed with CH2Cl2, the filtrate dried over MgSO4 and 
concentrated in rotary evaporator to produce 2.2 g green dark oil (80 % yield). 
1
H NMR 
(CDCl3) δ= 6.48 (d, 2x CH-benzene), J= 2.48; 6.36 (t, CH-benzene), J= 2.28; 4.59 (s, 
CH2-benzyl); 3.92 (t, 4H, (OCH2)2); 1.75 (p, 4H, B-CH2); 1.44 (p, 4H, ∞-CH2); 1.34 - 
1.30 (m, 8H, bulk-CH2); 0.90 (t, 6H, 2x CH3). 
13
C NMR (CDCl3) δ= 160.51 (2x 
Cbenzene); 143.28 (Cbenzene); 105.06 (2x CHbenzene); 100.56 (CHbenzene); 68.07 ((OCH2)2); 
65.34 (CH2-benzyl); 31.57 (ω-2); 29.22 (bulk-CH2); 25.71 (B-CH2); 22.59 (ω-1); 
14.01 (2x CH3). 
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6.2.4.4 3,5-Bis(hexyloxy)-1-(propargyl methyl) benzene (3)  
3,5-bis(hexyloxy)benzyl alcohol (5 g, 16.21 mmole) was added slowly to a 
suspension of NaH (0.85 g, 21.25 mmole) in THF at 10 C and leaved stirrer for 15min. 
Propargyl bromide  (80% w/w in toluene, 3.5 mL 32.42 mmole) was added dropwise to 
the reaction mixture which was stirring at 10 °C. Then the reaction mixture was kept 
stirring for 10 min., and then allowed to warm to room temperature and stirred for 
overnight. The reaction mixture was extracted three times with water and CH2Cl2. The 
combine organic phases was washed with brine water, dried over MgSO4, filtered and 
concentrated on a rotary evaporator leaving 5.2 g dark brown oil (93 % yield). 
1
H NMR 
(CDCl3) δ= 6.51 (d, 2H, 2x CH-benzene), J= 2.40; 6.41 (t, CH-benzene), J= 2.24; 4.56 
(s, CH2-benzyl); 4.18 (d,  CH2-propargyl), J=2.4; 3.92 (t, 4H, (OCH2)2); 2.48 (t, CH-
propargyl), J=2.36; 1.78 (p, 4H, B-CH2); 1.50-1.43 (m, 4H, ∞-CH2); 1.37- 1.28 (m, 8H, 
bulk-CH2); 0.93 (t, 6H, 2x CH3). 
13
C NMR (CDCl3) δ= 160.43 (2x Cbenzene); 139.41 
(Cbenzene); 106.23 (2x CHbenzene); 100.88 (CHbenzene); 79.67 (C-propargyl); 74.57 (CH-
propargyl); 71.53 ((OCH2)2); 68.04 (CH2-benzyl); 59.70 (OCH2-propargyl); 31.58 (ω-
2); 29.36 (bulk-CH2); 25.73 (B-CH2); 22.60 (ω-1); 14.03 (2x CH3). 
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6.2.4.5 2-N-propynyl-N,N-dihexyl amine (2)  
To a stirred solution of dihexyl amine (3 mL, 12.89mmole) and K2CO3 (1.8 g, 
13.17 mmole) in acetonitrile, propargyl bromide (80 % w/w in toluene, 2.9 mL, 25.78 
mmole) was added. The reaction mixture was refluxed at 70°C for overnight.  The 
mixture was filtered, then the solvent was evaporatord and the residue was extracted 
with DCM and water three times. The combined organic phase was washed with brine 
water and dried over MgSO4, then concentrated in a rotary evaporator to obtain (2.7 g) 
as brown syrup, (yield 94 %).
1
H NMR (CDCl3) δ= 4.68 (d, CH2N), J=2.47; 3.66- 3.51 
(m, 4H, N(CH2)2); 2.99 (t, CH-propargyl); 1.82  (p, 4H, 2x B-CH2); 1.32- 1.23 (m, 12H, 
bulk-CH2); 0.82 (t, 6H, CH3). 
13
C NMR (CDCl3) δ= 79.80 (C-propargyl); 75.62 (CH-
propargyl); 59.98 (CH2N); 58.52 (N(CH2)2); 28.97 (B-CH2); 24.00 (ω*-1); 20.36 (ω-
1);  11.86 (CH3). 
 
6.2.4.6 1-Ethoxyl-(3,5-bis(hexyloxy)benzyloxy)-2,3,4,6-tetra-O-acetyl--D-
glucopyranoside (11)   
 Glucose pentaacetate (3 g, 7.78 mmol, 1.2eq.) and 2.00 g (6.48 mmol) 3,5-
bis(hexyloxy)benzyl alcohol were dissolved in 60 mL dichloromethane and treated with 
3 mL (24.30 mmol, 3 eq.) BF3xEt2O. The reaction was stirred at room temperature for 3 
hours and then washed with an aqueous solution of NaHCO3 and dried over MgSO4. 
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The solvent was concentrated and purified by column chromatography using hexane: 
ethyl acetate (3:1) as eluent to obtain (4 g) white solid. (Yield 81 %). 
1
H NMR (CDCl3) 
δ= 6.41 (s, 2H, 2x CH-benzene); 6.38 (s, CH-benzene); 5.20- 5.04 (m, 3H, H-3, H-4, 
H-2); 4.80 (d, H-1); 4.54 (d, CH2-benzyl); 4.29, 4.26 (dd, H-6a); 4.18-4.09 (m,  H-5); 
3.92 (t, 4H, 2x OCH2); 3.67 (d, H-6b); 2.10, 2.02, 2.01, 1.98 (ms, 12H, CH3CO); 1.79- 
1.72 (p, 4H,2x B-CH2); 1.48- 1.23 (m, 12H, bulk-CH2); 0.92-0.86 (m, 6H, 2x CH3). 
13
C 
NMR (CDCl3) δ= 170.61, 170.19, 169.35, 169.27 (4x COCH3); 160.43 (2x Cbenzene); 
138.74 (Cbenzene); 106.09 (2x CHbenzene); 100.45 (CHbenzene); 99.08 (C-1);  72.87 (C-4); 
71.80 (C-2); 71.32 (C-3); 70.49 (CH2benzyl); 68.42 (C-5); 67.99 (2x CH2O); 61.92 (C-
6); 31.54 (ω-2); 29.20 (bulk-CH2); 25.70 (B-CH2); 22.60, 22.55 (ω-1); 20.66, 20.57, 
20.53, 20.51 (4x CH3CO); 14.05, 13.96 (2x CH3).  
 
6.2.4.7 1-Ethoxyl-(dihexylamino)-2,3,4,6-tetra-O-acetyl--D-glucopyranoside (9)  
To a mixture solution of 2-bromoethyl 2,3,4,6-tetra-O-acetyl-beta-D-
glucopyranoside (4.0 g, 8.78 mmole) and K2CO3 (1.8 g, 13.17 mmole) in acetonitrile, 
dihexyl amine (1.9 mL, 8.16 mmole) was added. The reaction mixture was refluxed at 
80°C for overnight.  The mixture was filtered, then the solvent was evaporatord and the 
residue extracted with DCM and water for three times. The combined organic phases 
were washed with brine water and dried over MgSO4, then concentrated in a rotary 
evaporator and purified by column chromatography using hexane: ethyl acetate (3:1) as 
eluent to obtain (3 g) as brown syrup, (yield 61 %). 
1
H NMR (CDCl3) δ= 5.19 (t, H-3), 
3
J3,4 = 9.40; 5.07 (t, H-4), 
3
J4,5 = 9.26; 4.96 (t, H-2), 
3
J2,3 = 8.54; 4.57 (d, H-1), 
3
J1,2 = 
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7.84; 4.26 (d, H-6a); 4.14 (d, H-6b); 3.97-3.91 (m, H-5); 3.75- 3.68 (m, OCH2); 2.76 (d, 
CH2N); 2.53 (t, 4H, N(CH2)2); 2.08, 2.04, 2.02, 2.00 (4x s, 12H, 4x CH3CO); 1.46 (bs, 
4H, 2x B-CH2); 1.28 (bs, 12H, bulk-CH2); 0.89 (t, 6H, 2x CH3). 
13
C NMR (CDCl3) δ= 
170.65, 170.28, 169.39, 169.24 (4x COCH3); 100.81 (C-1); 72.91 (C-4); 71.75 (C-2); 
71.31 (C-3); 68.45 (C-5); 68.34 (OCH2); 61.99 (C-6); 54.77 (N(CH2)2); 53.33 (CH2N); 
31.80 (ω -2); 27.16, 27.10 (B-CH2); 22.64 (ω -1); 20.70, 20.66, 20.58, 20.57 (4x 
CH3CO); 14.04 (2x CH3). 
6.2.4.8 General method for click chemistry  
A solution of the sugar azide 5 and/or 6 (2 g, 4.47 mmole and/or 2 g, 4.79 
mmole) with terminal alkyne compound 2 and/or 3 (1.1 g, 4.92 mmole and/or 1.7 g, 
4.90 mmole) in 40 mL methanol was treated with copper chloride. The solution was 
stirred at room temperature for overnight. The reaction mixture was filtered through 
ciliate and concentrated under reduced pressure, the residue was purified by filtrating 
through 5 cm silica gel with 2:1 ethyl acetate: hexane as eluent to remove the unreactant 
from sugar and alkyl chain, finally the product was filling down by 4:1 methanol: 
CHCl3 to result the corresponding product.  
 
6.2.4.8.1 3-((2ʹ-hydroxypropyl-2,3,4,6-tetra-O-acetyl--D-glucopyranosyloxy) 
methyl-1,2,3-mono-triazole)-N,N-dihexyl amine (13) 
Sugar azide 7
 
(2.0 g, 4.5 mmol) and propargyl 2 (1.1 g, 4.9 mmol) were coupled 
with CuCl (40 mg, 0.2 mmol) in MeOH according to the general procedure for click 
chemistry to provide 13 (2.1 g, 70  %) as a brown syrup. 
1
H NMR (CDCl3) δ= 8.20- 
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7.43 (m, triazole), 5.24/ 5.20 (2dd2t, H-3), 5.08 (dd~t, H-4), 5.00 (dd~bt, H-2), 4.63 (d, 
H-1), 4.50- 2.96 (14H, OCH2, H-6a,b, H-5 CHOH, CH2-triazole, N(CH2)2, CH2N), 2.17, 
2.09, 2.03, 2.01 (4s, 12H, Ac), 1.88- 1.65 (m, 4H, 2x -CH2), 1.38- 1.25 (m, 12H, bulk-
CH2), 0.93- 0.86 (m, 6H, CH3). 
3
J 1,2 = 8.0, 
3
J 3,4 = 9.2, 
3
J 4,5 = 9.5 Hz. 
13
C NMR 
(CDCl3) δ=170.84, 170.23, 169.82, 169.52 (CO), 134.26 (C-triazole), 130.02/130.04 
(CH-triazole),  101.14/100.85 (C-1), 72.75 (C-4), 71.86/71.99 (C-2), 71.27/71.21 (C-3), 
71.11 (OCH2), 68.35 (CHOH,  C-5), 61.85 (C-6), 58.84 (NCH), 53.50 (CH2-triazole), 
53.25(N(CH2)2), 31.18 (-2), 29.69 (bulk-CH2), 25.93 (-CH2), 22.42 (-1), 20.85, 
20.79, 20.61 (Ac), 13.93, 13.89 (CH3). 
 
6.2.4.8.2 1-[4-(1-ethoxyl-2,3,4,6-tetra-O-acetyl--D-glucopyranosyloxy)methyl-
1,2,3-mono-triazole)]-3,5-bis(hexyloxy)benzyloxy (15) 
Sugar azide 8 (2.0 g, 4.4 mmol) and propargyl 3 (1.7 g, 4.9 mmol) were coupled 
with CuCl (40 mg, 0.2 mmol) in MeOH according to the general procedure for click 
chemistry to provide 15 (2.6 g, 71 %) as a brown syrup. 
1
H NMR (CDCl3) 7.63 (s, CH-
triazole), 6.46 (bs, 2H, CH-benzene), 6.38 (bs, CH-benzene), 5.18 (dd~t, H-3), 5.07 
(dd~t, H-4), 5.00 (dd, H-2), 4.64- 4.47 (m, 7H, OCH2, CH2N, CH2-benzyl, H-1), 4.24 (d, 
H-6a), 4.20 (d, H-6b),  4.12/ 4.09 (2 s, 2H CH2O), 3.93 (t, 4H, OCH2 ),  3.70 (ddd,  H-
5), 2.08, 2.02, 1.99, 1.96, (4 s, 4x3H, Ac),  1.76 (p, 4H, -CH2),  1.45 (p, 4H, -CH2), 
1.35- 1.33 (m, 8H, bulk-CH2), 0.90 (t, 6H, CH3); 
3
J1,2 = 8.0, 
3
J2,3 = 9.5, 
3
J3,4 = 9.0, 
3
J5, 6a = 4.5, 
3
J5, 6B = 7.5, 
2
J6 = 12.0 Hz. 
13
C NMR (CDCl3) 170.57, 170.08, 
169.39, 169.36 (O), 160.40 (2x Cbenzene), 139.92 (Cbenzene), 139.63 (C-triazole), 126 (CH- 
113 
 
triazole), 106.12 (2x CHbenzene), 100.68 (CHbenzene), 100.51 (C-1), 72.66 (CH2-benzyl), 
72.48 (C-3), 71.98 (C-4), 70.89 (C-2), 68.21 (C-5), 68.03 (OCH2), 67.73 (OCH2-
triazole), 63.48 (OCH2Ph), 61.70 (C-6), 50.0 (CH2N), 31.56 (ω-2), 29.22 (bulk-CH2), 
25.71 (-CH2), 22.58 (ω-1), 20.70, 20.55, 20.48 (Ac), 14.02 (CH3). 
6.2.4.9 General procedure for de-acetylation 
The deprotection was carried out by using methanol as a solvent and a catalytic 
amount of NaOMe. The mixture was stirred for 4h at room temperature. The catalyst 
was removed by neutralization with Amberlite IR120 (H
+
) and then the solvent was 
evaporatord to give the final pure compound.  
 
6.2.4.9.1 (N,N-Dihexyl-2-aminoethyl)-D-glucopyranoside (10)  
9 (2.9 g, 5.3 mmol) was reacted according to general procedure for de-acetylation 
to produce 10 (1.9 g, 91 %). as brown syrup. 
1
H NMR (DMSO-d6) δ= 4.18 (d, H-1, 
3
J1,2 = 7.5 Hz) 3.94 (dd~bt, H-3); 3.80- 3.60 (m, 2H, OCH2); 3.22- 2.95 (m, 7H, H-4, H-
2, H-5, H-6, CH2N); 2.81 (bt, 4H, N(CH2)2); 1.51 (m, 4H, 2x -CH2); 1.25 (mc, 12H, 
bulk-CH2); 0.85 (t, 6H, CH3). 
13
C NMR (DMSO-d6) δ= 103.33 (C-1); 77.33 (C-4); 
76.92 (C-2); 73.82 (C-3); 70.51 (C-5); 64.85 (OCH2); 61.56 (C-6); 53.26 (N(CH2)2); 
52.37 (CH2N); 31.34 (ω-2); 26.49, 26.45 (-CH2); 22.42 (ω-1); 14.21 (CH3). 
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6.2.4.9.2 ( 2-[3,5-Bis-(hexyloxy)-benzoxy]ethyl)-D-glucopyranoside (12)  
31 (4.0 g, 6.2 mmol) was reacted according to general procedure for de-
acetylation to produce 12 (2.8 g, 95 %) as white solid. 
1
H NMR (DMSO-d6) δ= 6.54 
(s, 2x CH-benzene); 6.33 (s, CH-benzene); 4.73 (d, Bn-A); 4.53 (d, Bn-B); 4.20 (d, H-
1); 3.91 (t, 4H, 2x OCH2); 3.70 (dd~bd, H-6a);  3.46 (dd, H-6b); 3.18- 3.06 (m, 3H, H-3, 
H-4, H-5), 3.04 (dd, H-2); 1.67 (p, 4H, 2x -CH2); 1.41-1.29 (m, 12H, bulk-CH2); 0.87 
(mc, 6H, CH3). 
3
J1,2 = 8.0, 
3
J2,3 = 9.5, 
3
J5,6a < 1.0, 
3
J5,6B = 5.0, 
2
J6 = 12.0, 
2
JBn = 13.0 Hz. 
13
C NMR (DMSO-d6) δ= 160.20 (2x Cbenzene); 140.89 (Cbenzene); 106.02 (2x CHbenzene); 
102.39 (C-1); 100.39 (CHbenzene); 77.38 (C-4); 77.15 (C-2); 73.98 (C-3); 70.60 (C-5); 
69.63 (Bn); 67.86 (CH2O); 61.61 (C-6); 31.45 (ω-2); 29.12 (-CH2); 25.66 (-CH2); 
22.53 (ω-1); 14.35 (CH3).  
 
6.2.4.9.3 N,N-Dihexyl-[4-aminomethyl-1-(2-hydroxy-3--D-glucopyranosyloxy-
propyl)-1,2,3-triazole(14) 
  13 (2.0 g, 3.1 mmol) was reacted according to general procedure for de-
acetylation to produce 14 (1.5 g,      96 %.) as brown syrup. 
1
H NMR (CD3OD) δ= 
8.52-7.43 (m, triazole), 4.62 (bs, H-1), 4.35 (ddt, H-3), 4.24 (mc, CHOH), 3.98-3.17 ( 
15H, H-2, H-4, OCH2, H-6a, H-6b, CH2, N(CH2)2, CH2N, H-5) with solvent peak, 1.88 
(mc, 4H, -CH2), 1.43-1.30 (m, 12H, bulk-CH2), 0.97- 0.86 (m, 6H, CH3). 
13
C NMR 
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(CD3OD) δ= 134.89 (C-triazole), 132.50 (CH-triazole),  103.30/103.19 (C-1), 76.68 
(C-4), 76.55/76.50 (C-2), 73.73/73.65 (C-3), 70.62/70.51 (OCH2), 68.80/68.72 (CHOH, 
C-5), 61.30 (C-6), 57.97 (NCH), 52.99 (CH2-triazole), 52.10 (N(CH2)2), 30.94 (-2), 
29.69 (-CH2), 25.87, 25.57 (-CH2), 22.14, 21.64 (-1), 12.89 (CH3). 
 
6.2.4.9.4 1-[4-(1-ethoxyl-2,3,4,6-tetra-O-acetyl--D-glucopyranosyloxy) 
methyl-1,2,3-mono-triazole)]-3,5-bis(hexyloxy)benzyloxy(16) 
15 (2.6 g, 3.4 mmol) was reacted according to general procedure for de-
acetylation to produce 16 (1.9 g, 95 %.) as brown syrup. 
1
H NMR (CD3OD) 8.29 (bs, 
CH-triazole), 6.52 (bd, 2H, CH-benzene), 6.39 (bt, CH-benzene), 4.72 (t, 2 H, CH2N), 
4.67 & 4.55 (2 s, 2×2 H, CH2OAr), 4.34 (d, H-1), 4.28 (ddd~dt,CH2O-A), 4.07 (ddd~dt, 
CH2O-B), 3.95 (t, 4H, -CH2), 3.89 (dd, H-6a), 3.66 (dd, H-6b), 3.37- 3.24 (m, 3H, H-
3, H-4, H-5), 3.18 (dd, H-2), 1.76 (p, 4H, -CH2), 1.52- 1.45 (p, 4H, -CH2), 1.39-1.30 
(m, 8H, bulk-CH2), 0.94 (t, 6H, CH3); 
3
J1,2 = 8.0, 
3
J2,3 = 9.0, 
3
J5,6a = 2.0, 
2
J6a,b = 5.0,
 2
J6 = 
12.0, 
2
JA,B = 12.0 Hz. 
13
C NMR (CD3OD) 160.45 (2x Cbenzene), 139.76 (Cbenzene), 139.63 
(C-triazole), 126 (CH- triazole), 105.87 (2x CHbenzene), 103.14 (CHbenzene), 100.34 (C-1), 
76.70 (C-3), 76.56 (C-4), 73.49 (C-2), 72.27 (CH2-benzyl), 70.11 (C-5), 67.66 
(2x OCH2), 67.35 (OCH2-triazole), 61.89 (OCH2),  61.27 (C-6), 51.10 (CH2N), 31.38 (
ω-2), 28.98 (bulk-CH2), 25.74 (-CH2), 22.27 (ω-1), 12.97 (2x CH3). 
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6.3 Results and Discussion 
The synthesis of the surfactants followed the sequential approach, in which the 
surfactant alkyl chains were first attached to a linker, which was subsequently coupled 
to the carbohydrate by glycosylation, alkylation of an amine or click-chemistry. All 
surfactants were obtained in overall yields ranging from 29 to 56 % based on glucose 
pentaacetate. Chromatographic purification was required due to remaining starting 
material and side products. The 
1
H NMR spectra of the surfactants indicated high purity 
for all products and confirmed the complete removal of protecting groups in the final 
surfactants. Examples are shown in Figure 6-1. High-resolution mass spectra, recorded 
by MALDI-TOF mode, as displayed in Figure 6-2, were in line with the structure 
proposals. Click-chemistry-based surfactant 14 and its precursor 13 exhibited complex 
NMR spectra with doubled peaks for most signals, owing to the presence of two 
diastereomers originating from missing stereo-selectivity for the preparation of epoxide 
intermediate 6. The close structural similarity of surfactant precursors 13 and 15 is 
reflected in their 
13
C NMR spectra, confirming a diastereomeric relationship between 
two products in 13. A closer look on chemical shift differences of diastereo-related 
peaks reveal more significant effects in the close environment of ‘racemic’ stereo-
centre. So is the chemical shift difference for C-1 substantially larger than for any other 
carbon inside the glucose. 
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Figure  6-1: The evolution of 1H NMR spectra (400 MHz, CDCl3, 298 K) for compound 12 and 
16. 
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Figure  6-2: MALDI TOF mass spectrum for surfactant 10 and 16. 
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6.3.2 Liquid crystalline behaviour 
The lyotropic liquid crystal phases were investigated by optical polarizing 
microscopy (OPM) at room temperature using the contact penetration technique 
(Milkereit et al., 2005; von Minden et al., 2000). In contact with water no liquid crystal 
phase was observed for surfactants 10, 14 and 16. The compounds on their own 
appeared as viscous fluids (syrup) at room temperature. While no texture was observed 
for compound 10, probably reflecting an isotropic liquid based on rather low viscosity 
and that could be due to the short tail volume, For compound 14 also no textures could 
be observed, owing to the dark colouring of the material. Therefore the missing 
observation of a texture does not exclude liquid crystalline phases. Compound 12 again 
exhibited low water solubility. However, at the contact zone with water a phase 
showing birefringence emerged, which likely reflects a hexagonal phase as depicted in 
the Figure 6-3b. The compound itself also exhibited birefringence, but in contrast to the 
water penetrated assembly the fan shape texture is more in line with a smectic A phase 
(lamellar). The observation of La phases suggests that the present of aromatic ring with 
duple short alkyl tail groups in the surfactants has made the width of the hydrophilic and 
hydrophobic portions more comparable, promoting the formation of the lamellar phase. 
The textures are shown in Figure 6-3b.  
          
Figure  6-3: OPM texture for compound 12 (a) texture of the pure sample (b) Water penetration 
scans shows hexagonal H1 and lamellar phases L at room temperature (c) in 
contact with 1-undecanol penetrate. 
a b c 
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Upon contact with the non-polar solvent (1-undecanol), surfactants 14 and 16 
did not show visible solubilisation, but lead to a swelling of the surfactant. No liquid 
crystalline phase, however, was observed. Compound 10, on the other hand, exhibited a 
significant solubility in 1-undecanol. Like in the cases reported before, no liquid 
crystalline phase was observed. Finally, surfactant 12 also indicated solubility in 
undecanol. Besides, the penetration scan revealed the formation of a new phase with 
exhibiting birefringence. The texture of this new phase appears to be closely related to 
those observed for the pure surfactant, see Figure 6-3c.   
 In terms of molecular assembly, a change of the assembly behaviour upon 
altering the water concentration is expected. Figure 6-4 illustrates this expectation. For 
the molecular shape a parallel alignment of the alkyl chains are assumed, as shown in 
Figure 6-4(a). For the pure compound and in presence of low water concentration the 
molecules preferably to arrange in a lamellar phase as depicted in Figure 6-4(b). Upon 
increasing water content, however, the interaction of the surfactant head with water 
increases, resulting in a welling of that domain that causes the aggregate to rearrange 
into a curved hexagonal assembly, as shown in Figure 6-4(c). The expected behaviour, 
however, only reflects the observations for compound 12. 
The presence of aromatic groups, reflecting both benzene and triazole, reduced 
the water-solubility of the surfactants. This is supposed to be expected, owing to a 
substantially increased hydrophobicity of the aglycon comprising not only the alkyl 
chains, but the linking unit as well.  Surprisingly the addition of aromatic rings did not 
substantially enhance the interactions with an oil phase. This may be due to the section 
of the latter, which did not contain aromatic components. The observed low interaction 
of surfactants involving triazole linkages and oil might discourage the application of 
click coupling for the preparation of sugar-based surfactants. However, a more 
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extensive study involving different types of oil as well as a wider range of surfactants is 
required to investigate the effect. 
OHO
HO
OH
O
OH
O
O
CH3
CH3
                 
                                                            (a)      
      Polar solvent                                      
     
                        (b)                                                                                                      (c) 
Figure  6-4 : Structure diagram of surfactant assembly for compound 2 shows (a) single 
surfactant molecules, (b) the surfactant molecules at low water concentration 
assemble in a lamellar phase, (c) at higher water concentration the surfactant 
molecules arrange in a hexagonal H1 phase. 
6.3.3 Air-water interface behaviour and emulsion stability  
 The behaviour of the surfactants at the air-water interphase was investigated by 
systematic surface tension measurements over a wide range of concentrations. With 
exception of compound 10, for which no CMC could be determined even at high 
concentration, data regarding the micellar assembly for the surfactants are tabulated in 
Table 6-1.  
 
 
Oil 
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Table  6-1: CMC, surface tension at CMC, minimum area per surfactant molecule and standard 
free energy of micellization. 
 
Compound cmc (mM) γcmc (mN/m)  
Amin (Ǻ
2
) 
      
(KJ.mole
-1
) 
12 0.7 34 48 10.9 
14 3.7 37 29 6.7 
        16 0.4 27.9 40 12.5 
 
 The CMC decreases by one decade upon introduction of a benzene ring, as seen in 
the lower values for compounds 12 and 16. The drastic reduction of the CMC is 
expected, since the benzene ring increases the hydrophobicity of the aglycon, i.e. the 
non-sugar component of the surfactant, significantly. On the other hand, the triazole 
affected the CMC significantly less. This observation is in line with previous 
observations for ATGs (Sani et al., 2012). A comparison of compounds 12 and 16 
indicates a significant reduction of the minimum surface tension (min) upon 
introduction of the triazole linkage, whereas the CMC itself is not much affected. This 
surface tension affect might originate out of a conformational more flexible linkage 
between the sugar core and the hydrophobic domain, represented by the bis-alkoxylated 
benzene. A higher molecular surface area for compound 12 is in line with this 
hypothesis.  The lower surface tension of surfactant 16 with respect to 14, on the other 
hand, can be attributed to the benzene ring, which increases the efficiency of the 
otherwise rather small hydrophobic domain. Surfactant 12 exhibited an unusual 
decrease of the surface tension above the CMC. Such behaviour has been previously 
associated with presence of poly-disperse micelles or the formation of a gel-monolayer 
at air-water interface (Swanson-vethamuthu, Feitosa, & Brown, 1998).  A mathematical 
analysis of the slope of the surface tension at the concentration dependent region near 
the CMC enables the determination of the molecular surface area Amin and the 
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micellization energy (Gmisc). The calculation based on the Gibbs isotherm adsorption 
equation, displayed in equation 6.1, which enables the determination of the amount of 
surfactant molecules adsorbed per unit area at the air-water interface. This value can be 
related with Amin according to equation 6.2 (Soderberg et al., 1995). Amin increased upon 
presence of the benzene ring. The decrease of the surface area upon introduction of the 
triazole linker has been already stated above. The standard free energy of micellization 
was determined by using equation 6.3 (Soderberg et al., 1995). The value increases with 
the introduction of aromatic rings, both for the benzene and the triazole.  
maxT
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With exception of surfactant 10, all surfactants exhibited reasonable good oil-in-
water emulsion stabilities, requiring five days for the separation of a homogenized 
formulation in absence of polymeric stabilizers. Pictures of the emulsions before and 
after separation are shown in Figure 6-5. A reason for poor emulsion stabilization of 
compound 10 could be repulsive ionic interactions originating from a partial protonation 
of the amine in combination with relatively week hydrophobic effects for the relatively 
short alkyl chains. Surfactant 12 exhibited a remarkably good water-in-oil emulsion 
stabilitization, resulting in a separation time as long as two-month. Pictures are shown 
in Figure 6-6.  
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Figure  6-5: Emulsion stability (O/W). 
  
Figure  6-6: Emulsion stability (W/O).  
6.4 Conclusion 
A series of Y-shaped sugar-based surfactants involving aromatic and aliphatic 
linkers has been designed and synthesized. The incorporation of a benzene ring 
increases the molecular surface area, resulting in less curvature of the assembly towards 
the hydrophilic side, thereby enhancing the surfactants emulsifier potential for water-in-
oil formulations.  
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 : A new class design of X-shape sugar-based surfactants by Chapter 7
“click” chemistry and studies their self-assembling 
7.1 Introduction 
At the end of last century, carbohydrate derived surfactants have attracted 
increasing attention in both scientific and technical fields (Baba et al., 1999; Balzer, 
1993; M Hato, Minamikawa, Tamada, Baba, & Tanabe, 1999; Korchowiec et al., 2001). 
The reasons cover both biological and industrial (performance) aspects, in particular for 
applications related to cosmetics, pharmaceuticals, food and detergents (Kitamoto et al., 
2002; Sharma & Rakshit, 2004). Their increasing utilization for various applications is 
driven by environmental awareness and emphasis on a sustainable resources (Holmberg, 
2001; Kitamoto et al., 2002). Sugar-based surfactants are considered biodegradable and 
reasonably non-toxic (Bazito & El Seoud, 2001; Nilsson et al., 1998). Since the 
development of surfactants from on natural products including sugar (Aveyard et al., 
1998; Boyd, Drummond, Krodkiewska, & Grieser, 2000; Garofalakis, Murray, & 
Sarney, 2000; Kjellin, Claesson, & Vulfson, 2001; Retailleau, Laplace, Fensterbank, & 
Larpent, 1998; Rico-Lattes & Lattes, 1997; Soderberg et al., 1995; Zhang & Marchant, 
1996) various products have been synthesized and investigated. However, the 
compound design is commonly based on synthetic convenience rather than on structure-
property based application optimization. Only few investigations aiming for 
application-designed surfactants have been reported. For example,  Stein and Gellman 
(Stein & Gellman, 1992) have been prepared a family of amphiphiles, derived from a 
rigid dicarboxylic acid head group unit of unusual topology. Cheng et al. (Cheng, Ho, 
Gottlieb, Kahne, & Bruck, 1992) deal in the design and study of facial amphiphiles. 
These are material comprised of glycosylate bile acids, have hydrophobic and 
hydrophilic faces as opposed to a linear hydrophobic tail attached to a hydrophilic head 
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group. Nusselder and Engberts (Nusselder & Engberts, 1989) examined and focus on 
the relationship between the molecular architecture of the surfactant and aggregate 
morphology in 1,4-dialkylpyrimidinium salts. Menger et al. have reported unnatural 
amphiphilies, in which the hydrophobic moiety was a polynuclear aromatic ring system 
(Menger & Whitesell, 1987) or a hyperextended linear chain (Menger & Yamasaki, 
1993). The ratio of surface areas for the hydrophilic and hydrophobic antipodes affects 
the shape of a micellar assembly (Fisher, 2000) and hence the application potential of a 
surfactant. While typical surfactant designs enable a rather easy prediction of the shape 
of micelles, the assembly of more complex structures is difficult. However, in view of 
potential applications, a systematic study of the relationship of chemical structure and 
assembly geometry is needed. This leads to the need of new surfactants with unusual 
shape (Menger & Littau, 1993; Nusselder & Engberts, 1989; Stein & Geiiman, 2003). 
Conventional sugar-based surfactants contain one head group and one or two alkyl 
chains. The structure types are termed as a and b in Figure 7-1.  Their assembly leads to 
a random distribution of hydrophilic groups at interphases, including the surface of 
micelles
 
(Engberts & Kevelam, 1996). Bola-shaped and so-called Gemini-surfactants, 
on the other hand, consist of two head groups, referring to types c to f in Figure 7-1. The 
idea underlying the use of two head groups is to enhance the molecular solubility in 
water and oil by decreasing the aggregation number, hence it increases the critical 
aggregation concentration (Castro, Cirelli, & Kovensky, 2006; Pestman, 1998). Based 
on this concept, new surfactants with X-shape design, reflecting type f in Figure 7-1, 
varying in the structure of the central connector of the hydrophilic and hydrophobic 
antipodes, were prepared and their interfacial behaviours were investigated. Both 
aliphatic and aromatic core were applied to cover a wide structural diversity. 
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Figure  7-1: Showing surfactant design shape where (a) single-chained surfactant, (b) double-
chained surfactant, (c and d) bolaform surfactant and (e and f) gemini surfactants. 
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7.2 Materials and methods  
7.2.1 Material 
All Chemicals were purchased from various commercial sources and were used 
without further puriﬁcation. Purification of all products applied column chromatography 
on silica gel 35-60 mesh (Merck) using the flash technique. TLC was performed on pre-
coated plates of silica gel 60 (GF254 by Merck). Visualization of carbohydrate 
compounds applied treatment with 15 % ethanolic sulfuric acid and subsequent heating. 
7.2.2 Characterization and determination of interfacial properties 
Structural identities are based on NMR spectra (
1
H and 
13
C, recorded on a 
Bruker AVN-400 MHz spectrometer). Matrix-assisted laser desorption/ionization 
(MALDI) time of flight (TOF) mass spectra were recorded at the Mass Spectrometric 
Service Centre of the National University of Singapore on a Shimadzu/Kratos 
(Columbia, MD) AXIMA CFR mass spectrometer in reflexion mode. The samples were 
co-precipitated with 2,5-dihydroxy-benzoic acid (DHB, 5 mg/100 µl in MeOH/H2O 1:1) 
and irradiated by a N2-laser atλ=335 nm. Physicochemical property investigation 
applied distilled water. The surface tension was measured on a KSV Sigma 702 
tensiometer applying the DuNouy ring method. Surface tension measurements of 
aqueous solutions of the surfactants were recorded at 298 K under atmospheric pressure. 
The critical micelle concentration (CMC) value was assessed as the intersection of the 
linear regressions of the surface tension against the logarithmic surfactant concentration. 
The surface tension at this intersection point is called the surface tension at CMC. The 
experiments were repeated twice, leading to coinciding curves.  
The phase behaviour of the glycolipids was investigated lyotropically under an 
optical polarizing microscope (OPM) (Olympus BH-2 equipped with Mettler heating 
stage FF82 and central processor FP80). Two different solvents, one of which is polar 
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(water) while the other one non-polar (1-undecanol), were applied at 27 C. Emulsion 
were prepared based on ratio of 19 parts water containing 0.5% surfactant to 1 part of 
oil. Samples were homogenized at room temperature for approximately 2 minutes using 
an IKA T10 basic at a speed of 14,450 rpm. The emulsion samples were stored at room 
temperature and monitored on phase separation over a period of a few weeks.    
7.2.3 Experimental 
 
7.2.3.1 Dimethyl 2,2-bis-(2-propynyl)-malonate 
A procedure similar to that reported in literature (Carney et al., 2008) was 
employed. Dimethyl malonate (6.0 mL, 52 mmole) was added dropwise to a suspension 
of sodium hydride (60 % wt in mineral oil, 4.22 g, 105.5 mmol) in dry THF (100 mL) 
which was stirring at 10°C. Then the reaction mixture was left stirring for 10min., and 
then propargyl bromide (80 % wt. in toluene, 12.0 mL, 107.7 mmol) was added 
dropwise.  The reaction mixture was warmed to room temperature and stirred for 
overnight. The reaction mixture was extracted three times with water and Et2O. The 
combined organic phases were washed with brine water, dried over MgSO4, filtered and 
concentrated on a rotary evaporator leaving white solid. The solid was crystallized from 
ethyl acetate to give 9.4 g of a crystalline white solid (84 % yield). 
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7.2.3.2 4,4-Bis-(hydroxymethyl)-1,6-heptadiyne (1)  
Lithium aluminium hydride (1.2 g, 32.43 mmol) was added to a stirred solution 
of the Dimethyl 2,2-di(propynyl)malonate (3.0 g, 14.42 mmol) in anhydrous THF at 10 
° C. The reaction mixture was allowed to warm to room temperature and stirred for 
overnight. 1.2 mL of water was added slowly to stop the reaction, an aq. 10 % NaOH 
solution (1.2 mL), and then additional water (3.6 mL). Then the reaction mixture was 
left to stir for around 30 min. until the suspended solids become white. The reaction 
mixture was filtered and the solid rinsed with CH2Cl2, the filtrate dried over MgSO4 and 
concentrate in rotary evaporator to resulting 2.0 g  colorless crystal  (91 % yield). 
1
H 
NMR (CDCl3) δ= 3.71 (s, 2x2 H, OCH2); 2.35 (d, 2x2 H, CH2 propargyl); 2.05 (t, 2x1 
H, CH propargyl). 
13
C NMR (CDCl3) δ=80.34 (2x C =CH); 71.22 (2x C= CH); 66.26 
(2x CH2OH); 42.08 (C quaternary); 21.65 (CH2 propargyl).  
 
7.2.3.3 4,4-Bis-(hexyloxymethyl)-1,6-heptadiyne (2) 
Compound 1 (2.4 g, 15.78 mmol), 1-bromododecane (8.34 mL, 34.73 mmole) 
and KOH (2 g, 35.71 mmole) were dissolved in DMSO and stirred for overnight at 
room temperature. The reaction mixture was extracted with water and CH2Cl2, the 
organic phases were washed with brine water and dried over MgSO4. Then the mixture 
was concentrated in rotary evaporator and the residue was purified by column 
131 
 
chromatography with 10 % ethyl acetate in hexane as eluent to resulting 3.0 g (60 
%yield). 
1
H NMR (CDCl3) δ=3.42 (s, 2x2 H, CCH2O); 3.37 (t, 2x2 H, OCH2); 2.73 (t, 
2x1 H, CH propargyl); 1.95 (t, 2x2 H, CH2 propargyl), J=2.7; 1.52- 1.45 (m, 2x2 H, B-
CH2); 1.29- 1.17 (m, 12H, CH2-bulk); 0.82 (t, 3x2 H, CH3). 
13
C NMR (CDCl3) δ= 
80.35 (2x C =CH); 74.47 (2x CCH2); 71.91 (2x C= CH); 70.84 (2x OCH2); 31.55 (C 
quaternary); 29.41 (α-2); 25.70 (α-1); 22.53 (B-CH2); 21.88 (CH2-propargyl) 13.80 
(CH3). 
 
7.2.3.4 N,N-Di-(2-propynyl)-7-trideyl-amine (3) 
The synthesis of tridecan-7-amine was carried out according to the method 
reported in the literature (Che, Datar, Balakrishnan, & Zang, 2007; Manning, Bogen, & 
Kelly, 2011; Myahkostupov, Prusakova, Oblinsky, Scholes, & Castellano, 2013). To a 
solution of tridecan-7-amine (2.0 g, 10.03 mmole) and K2CO3 (4.5 g, 32.60 mmole) was 
added propargyl bromide (3 mL, 34.06 mmole) in DMF. The reaction mixture was 
reflux at 80°C for overnight.  The reaction mixture filtered and the solvent was 
evaporatord, and then the residue purified by flash chromatography column using 10 % 
ethyl acetate in hexane as the eluent to give 1.65g as a di-substitute and 0.5 g as mono-
substitute of a yellow oil (78 % yield). 
1
H NMR (CDCl3) δ= 3.40 (d, 2x2 H, CH2-
propargyl), J=2.3; 2.63 (p, CHN); 2.11 (t, 2x1 H, CH-propargyl); 1.46- 1.20 (m, 20H, 
bulk-CH2); 0.81 (t, 3x2 H, CH3). 
13
C NMR (CDCl3) δ= 81.00 (2x C =CH); 71.98 (2x 
C= CH); 60.79 (CHN); 38.77 (2x CH2- propargyl); 31.83 (∞-2); 30.57 (∞°-2); 29.51 
(bulk-CH2); 26.66 (B-CH2); 22.66 (∞-1); 14.08 (CH3). 
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7.2.3.5 Methyl 3,5-dihydroxybenzoate 
2 mL of concentrate H2SO4 was added to a stirred solution of 3,5-
dihydroxybenzoic acid (4.0 g, 25.95 mmole) in methanol.  The reaction mixture was 
then refluxed for 2h at 100 °C. The solvent was evaporated and the residue was taken up 
in water and extracted with ethyl acetate three times. The combined organic phases were 
washed with brine water and dried over MgSO4, then concentrated in a rotary 
evaporator to produce 4.2 g from the corresponding ester (98 % yield).  
 
7.2.3.6 Methyl 3,5-bis-(hexyloxy)-benzoate  
To a stirred solution of Methyl 3,5-dihydroxybenzoate (4.0 g, 23.78 mmole) and 
K2CO3 (9.84 g, 71.36 mmole) in DMF, 1-bromohexane (7 mL, 49.86 mmole) was 
added. The reaction mixture was refluxed at 80°C for overnight.  The mixture was 
filtrate, then the solvent was evaporatord and the residue extracted with DCM and water 
three times. The combined organic phases were washed with brine water and dried over 
MgSO4, then concentrated in a rotary evaporator to produce 7.2 g green dark oil (90 % 
yield). 
1
H NMR (CDCl3) δ= 7.61 (s, 2x1 H, CH-benzene); 6.63 (s, CH-benzene); 3.96 
(t, 2x2 H, OCH2); 1.77 (p, 2x2 H, B-CH2); 1.45 (p, 2x2 H, ∞-CH2); 1.33 (bs, 8H, bulk-
CH2); 0.90 (t, 3x2 H, CH3). 
13
C NMR (CDCl3) δ= 166.99 (CO); 160.16 (2x Cbenzene); 
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131.82 (Cbenzene); 107.63 (2x CHbenzene); 106.59 (CHbenzene); 68.32 ((OCH2)2); 31.54 (ω-
2); 29.14 (bulk-CH2); 25.67 (B-CH2); 22.58 (ω-1); 14.00 (2x CH3). 
 
7.2.3.7 3,5-Bis(hexyloxy)-benzyl alcohol (4)  
Lithium aluminium hydride (0.5 g, 13.51 mmol) was added to stirred solution of 
Methyl 3,5-bis(hexyloxy)benzoate (3.0 g, 8.91 mmol) in anhydrous THF at 10 ° C. The 
reaction mixture was allowed to warm to room temperature and stirred for overnight. 
0.5 mL of water was added slowly to stop the reaction, an aq. 10 % NaOH solution (1 
mL), and then additional water (2 mL). Then the reaction mixture was left to stir for 
around 30 min. until the suspended solids become white. The reaction mixture was 
filtered and the solid rinsed with CH2Cl2, the filtrate dried over MgSO4 and 
concentrated in rotary evaporator to give 2.2 g green dark oil (80 % yield). 
1
H NMR 
(CDCl3) δ= 6.48 (d, 2x1 H, CH-benzene), J= 2.5; 6.36 (t, CH-benzene), J= 2.3; 4.59 (s, 
CH2-benzyl); 3.92 (t, 2x2 H, OCH2); 1.75 (p, 2x2 H, B-CH2); 1.44 (p, 2x2 H, ∞-CH2); 
1.34- 1.30 (m, 8H, bulk-CH2); 0.90 (t, 3x2 H, 2x CH3). 
13
C NMR (CDCl3) δ= 160.51 
(2x Cbenzene); 143.28 (Cbenzene); 105.06 (2x CHbenzene); 100.56 (CHbenzene); 68.07 
((OCH2)2); 65.34 (CH2-benzyl); 31.57 (ω-2); 29.22 (bulk-CH2); 25.71 (B-CH2); 22.59 (
ω-1); 14.01 (2x CH3). 
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7.2.3.8 3,5-Bis(hexyloxy)-benzyl bromide 
5 g, 16.21 mmole of 3,5-bis(hexyloxy)benzyl alcohol in anhydrous CH2Cl2 (100 
mL) at 0 C was phosphorus tribromide (3 mL, 32.42 mmole) added dropwise to a 
solution. The stirred solution was continued at 0 C for 30 min. and then at ambient 
temperature for 2h. The reaction mixture was poured into ice/water and extracted three 
times with CH2Cl2. The combine organic phases were washed with brine water, dried 
over MgSO4, filtered and concentrated on a rotary evaporator leaving 5.6 g yellow oil 
(93 % yield).  
1
H NMR (CDCl3) δ= 6.54 (d, 2H, (CH)2-benzene), J= 2.2; 6.41 (t, 1H, 
CH-benzene), J= 2.0; 4.48 (s, 2x1 H, CH2-benzyl); 3.95 (t, 2x2 H, OCH2); 1.79 (p, 2x2 
H, B-CH2); 1.51- 1.44 (m, 2x2 H, ∞-CH2); 1.38- 1.34 (m, 8H, bulk-CH2); 0.94 (t, 3x2 
H, CH3). 
13
C NMR (CDCl3) δ= 160.43 (2x Cbenzene); 139.54 (Cbenzene); 107.40 (2x 
CHbenzene); 101.44 (CHbenzene); 68.12 ((OCH2)2); 33.79 (CH2-benzyl); 31.59 (ω -2); 
29.25 (bulk-CH2); 25.73 (B-CH2); 22.62 (ω-1); 14.05 (2x CH3). 
 
7.2.3.9 N-(3,5-dihexyloxy-benzyl)-diethanolamine  
Diethanol amine (1.7 g, 16.17 mmole) was added to a mixture of 3,5-
bis(hexyloxy)benzyl bromide (3.0 g, 8.07 mmol) with K2CO3 (2.2 g, 15.94 mmole) in 
ethanol (100 mL) which was stirring at 75 °C for overnight.  The reaction mixture was 
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filtrate and the ethanol was evaporatord. The reaction mixture was extracted three times 
with water and Et2O. The combine organic phases were washed with brine water, dried 
over MgSO4, filtered and concentrated on a rotary evaporator leaving 3.0 g (94% yield) 
brown whish oil. 
1
H NMR (CDCl3 400MHz) 6.46 (d, 2x1 H,  CH-benzene), J= 2.2, 6.36 
(t, CH-benzene), J= 2.0, 3.92 (t, 2x2 H, OCH2), 3.63 (bt, 3x2 H, CH2-benzyl, CH2OH), 
2.70 (t, 2x2 H, CH2N), 1.76 (p, 2x2H, B-CH2), 1.49- 1.42 (m, 2x2 H, ∞-CH2), 1.36- 
1.32 (m, 8H, bulk-CH2), 0.92 (t, 3x2 H, CH3). 
13
C NMR (CDCl3 100MHz) 160.43 (2x 
Cbenzene), 140.70 (Cbenzene), 107.87 (2x CHbenzene), 99.89 (CHbenzene), 67.99 (2x OCH2), 
59.46 (2x CH2OH), 59.18 (CH2-benzyl), 55.77 (2x CH2N), 31.61 (ω-2), 29.28 (bulk-
CH2), 25.75 (B-CH2), 22.60 (ω-1), 14.03 (CH3). 
 
7.2.3.10 N,N-Bis-[2-(4-methylphenylsulfonyloxy)ethyl]-(3,5-dihexyloxy-benzyl 
amine 
To a solution of 3,5-bis(hexyloxy)benzyl alcohol (4.0 g, 12.96 mmol) in 50 mL 
DCM was added 10 mL of 40 % NaOH followed by  4-toluenesulfonyl chloride (5.0 g, 
26.22 mmol, 2 eq) then the reaction mixture were stirred for overnight. The reaction 
mixture was poured into an aqueous solution of NaHCO3 and extracted three times with 
DCM. The combine organic phase was dried over MgSO4 and concentrated in rotary 
evaporator to providea colorless oil 5.4g (97 % yield). 
1
H NMR (400 MHz, CDCl3) 7.94 
(d, 2x1H, CH-tosyl), 7.43 (d, 2x1H, CH-tosyl), 6.53 (d, 2x1 H, CH-benzene), J = 2.0, 6.38 (t, 
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CH-benzene), J = 2.1, 3.95 (t, 2x2 H, OCH2), 3.68 (s, CH2-Benzyl), 3.53 (t, 2x2 H, CH2O-
tosyl), 2.94 (t, 2x2 H, CH2N), 2.50 (s, CH3-tosyl), 1.78 (p, 2x2 H, B-CH2), 1.51-1.44 (p, 
2x2 H, ∞ -CH2), 1.37-1.32 (m, 8H, bulk-CH2), 0.92 (t, 2x3 H, CH3). 
13
C NMR 
(100MHz, CDCl3) 160.38 (2x Cbenzene), 146.90 (CSO3 tosyl), 141.66 (CCH3 tosyl), 
141.31 (Cbenzene), 130.28, 127.02 (4x CH-tosyl), 106.72 (2x CHbenzene), 100.22 
(CHbenzene), 68.01 (2x OCH2),  59.32 (CH2-benzyl), 56.39 (2x CH2O-tosyl), 42.04 (2x 
CH2N),  31.61 (ω-2), 29.27 (bulk-CH2), 25.76 (B-CH2), 22.62 (ω-1), 21.80 (CH3-tosyl), 
14.06 (CH3). 
 
7.2.3.11 N,N-Bis-(2-azidoethyl)-3,5-dihexyloxy-benzylamine 
3,5-bis(hexyloxy)benzyl-4- methylbenzenesulfonate (4 g, 8.64 mmol) and 
anhydrous NaN3 (1.2 g, 18.4 6mmol, 2 eq.) were added to DMF and the mixture was 
stirred at 80 °C for 2days. The solvent was removed by evaporation in vacuum, and the 
residue was extracted with water against DCM. The organic layer was dried over 
MgSO4 and then concentrated to give a yellowish oil 2.7 g (94 % yield). 
1
H NMR (400 
MHz, CDCl3) 6.52 (d, 2x1 H, CH-benzene), J = 2.2, 6.37 (t, CH-benzene), J = 2.2, 3.94 (t, 
2x2 H, OCH2), 3.64 (s, CH2-benzyl), 3.33 (t, 2x2 H, CH2N3), 2.78 (t, 2x2 H, CH2N),  1.78 
(p, 2x2 H, B-CH2), 1.46 (p, 2x2 H, ∞-CH2), 1.36- 1.31 (m, 8H, bulk-CH2), 0.92 (t, 2x3 
H, CH3). 
13
C NMR (100MHz, CDCl3) 160.41 (2x Cbenzene), 140.86 (Cbenzene), 106.75 (2x 
CHbenzene), 100.40 (CHbenzene), 68.04 (2x OCH2), 59.59 (CH2-benzyl), 53.86 (2x CH2N3), 
49.47 (2x CH2N), 31.58 (ω-2), 29.25 (bulk-CH2), 25.72 (B-CH2), 22.60 (ω-1), 14.03 
(CH3). 
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7.2.3.12 General Procedure for Click-Chemistry 
A solution of the sugar azide (4 mmole, 2.1 eq.) and the divalent hydrocarbon 
precursor (2 mmol, 1 eq.) in methanol (50 mL) was treated with copper (II) salt 
(Cu(OAc)2 or CuSO4  0.4  mmol, 15 % eq.) and sodium ascorbate (0.4 g, 2.0  mmol, 45 
% eq.). The solution was stirred at room temperature overnight, then filtered and 
concentrated under reduced pressure. The residue was purified by filtration through a 5 
cm  layer of silica gel with 1:1 ethyl acetate: hexane as eluent to remove remaining 
starting materials (sugar and alkyl chain), followed by chloroform: methanol 4:1 to 
collect the surfactant precursors.  
 
7.2.3.12.1 4,4'-Bis(2ʹ-hydroxypropyl-2,3,4,6-Penta-O-acetyl--D-glucopyranosyl 
oxy)-2,2-bis(hexyloxymethyl)propane-1,3-diyl)bis(1H-1,2,3-triazole)(8)  
Sugar azide 6 (2.0 g, 4.4 mmol) and dipropargyl 2 (0.68 g, 2.1 mmol) were 
coupled with Cu(OAc) (80 mg, 0.4 mmol) and Na-ascorbate (0.4 g,2 mmol) in MeOH 
according to the general procedure I to provide 8 (2.1 g yield 82 %) as a brown syrup. 
1
H NMR (DMSO D6) δ=7.81 (bs, 2H, CH-triazole); 5.36 (bd, 2H, 2x H-1); 5.27 (t, 
2H, 2x H-3), J=8.53; 4.19 (t, 2H, 2x H-4), J=9.7; 4.85-4.77 (m, 4H, 2x OCH2); 4.44-
4.33 (m, 2H, 2x H-5); 4.29-4.13 (m, 6H, 2x (H-6, H-2)); 4.04-3.89 (m, 8H, 2x(CCH2O, 
CH2-triazole)); 3.71-3.50 (m, 6H, 2x(CHOH, OCH2-chain)); 2.00, 1.98, 1.94 (s, 24H, 8x 
CH3CO); 1.56-1.46 (m, 4H, 2x B-CH2); 1.37- 1.19 (m, 12H, bulk-CH2); 0.87 (t,6H, 2x 
CH3).
 13
C NMR (CDCl3) δ=169.99, 169.62, 169.51, 169.24, 169.14, 169.10 (8x 
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COCH3); 144.66 (C-triazole); 124.66 (CH-triazole); 99.83, 99.61 (2x C-1); 73.20 (2x C-
4); 71.97, 71.90 (2x C-2); 70.68 (2x C-3); 70.72 (2x (CH2O, OCH2)); 70.56 (2x 
CHOH); 70.49 (2x OCH2-chain); 68.10, 67.81 (2x C-5); 61.65 (2x C-6); 52.37 (2x CH2-
triazole); 42.63 (C- quaternary); 31.12 (∞-2); 29.18 (2x CCH2); 25.37 (B-CH2); 22.04 (
∞-1); 20.42, 20.32, 20.23 (8x CH3CO); 13.88 (2x CH3).  
 
7.2.3.12.2 N,N-Bis((4,4'-bis(2ʹ-hydroxypropyl-2,3,4,6-Penta-O-acetyl--D-
glucopyranosyloxy) -1H-1,2,3-triazol)methyl)tridecan-7-amine (10) 
Sugar azide 6 (2.0 g, 4.4 mmol) and dipropargyl 3 (0.58 g, 2.1 mmol) were 
coupled with Cu(OAc) (80 mg, 0.4 mmol) and Na-ascorbate (0.4 g,2 mmol) in MeOH 
according to the general procedure I to provide 10 (2.0 g  yield 77 %) as a brown syrup. 
1
H NMR (CD3OD) δ= 7.58 (bs, 2H, 2x CH-triazole); 5.25 (t, 2H, 2x H-3), J=9.3; 5.09 
(t, 2H, 2x H-4), J=9.5; 5.04 (ddd, 2H, 2x H-2), J=2.9; 4.62 (d, 2H, 2x H-1), J=7.92; 
4.56-4.40 (m, 4H, 2x OCH2); 4.28 (d, 2H, 2x H-6a), J=5.0; 4.25 (d, 2H, 2x H-6b), 
J=4.3; 4.22-4.12 (m, 4H, 2x CH2-triazole); 3.91-3.65 (m, 8H, 2x(H-5, CHOH, CH2N)); 
2.62-2.53 (m, 1H, NCH); 2.18, 2.09, 2.04, 2.02 (s, 24H, 8x CH3CO); 1.62-1.14 (m, 
20H, bulk-CH2); 0.90 (s, 6H, 2x CH3).
 13
C NMR (CD3OD) δ=170.69, 170.18, 169.72, 
169.45 (8x COCH3); 147.30 (C-triazole); 124.58 (CH-triazole);  101.25, 101.22, 101.07 
(2x C-1); 72.58 (2x C-4); 71.97, 71.89 (2x C-2); 71.52, 71.24 (2x OCH2); 71.30, 71.24 
(2x C-3); 69.08 (2x CHOH); 68.96 (NCH); 68.33 (2x C-5); 61.82 (2x C-6); 53.00 (2x 
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CH2-triazole); 45.46 (2x triazole-CH2); 31.84 (∞-2); 30.74, 30.56, 30.49, 29.51 (bulk-
CH2); 27.28 (B-CH2); 22.69 (∞-1); 20.78, 20.71, 20.58 (8x CH3CO); 14.11 (2x CH3). 
 
7.2.3.12.3 N,N-(3,5-bis(hexyloxy)benzyl)-2-(4,4'-bis(2,3,4,6-Penta-O-acetyl--D-
glucopyranosyl-oxymethyl)-1H-1,2,3-triazol-1-yl)diethyl amine (12) 
(1.1g, 2.46mmol, 1eq.) azido compound 4 with propargyl sugar 7 (2.0 g, 5.17 
mmol, 2.1 eq.) in methanol were treated with CuSO4.5H2O (0.1 g, 0.33 mmole, 15% 
eq.) and sodium ascorbate (0.4 g, 2.0 mmole, 45 % eq.). The solution was stirred at 
room temperature for overnight. The reaction mixture was filtered through celite and 
concentrated under reduced pressure.  The residue was purified by filtrating through 5 
cm silica gel with 1:1 ethyl acetate: hexane as eluent to remove remaining reactants. 
The product was eluted with chloroform: methanol 4:1 to provide  12 (2.4g yield 80%). 
1
H NMR (400 MHz, CDCl3) 7.42 (s, 2x1 H, CH-triazole), 6.37 (t, CH-benzene), J = 2.18, 
6.27 (d, 2x1 H, CH-benzene), J = 2.0, 5.21 (t, 2x1 H, H-3), 
3
J3,4 =  9.4, 5.11 (t, 2x1 H, H-
2), 
3
J2,3 = 9.7, 5.01 (ddt, 2x1 H, H-4), 
3
J4,5 = 8.0, 4.94 (d, 2x1 H, H-6a), 
2
J6 = 12.58, 
4.83 (d, 2x1 H, H-6b), 
2
J6 = 12.6, 4.71 (d, 2x1 H, H-1), 
3
J1,2 = 7.9, 4.36-4.29 (m, 2x2 H, 
CH2-triazole), 4.27 (d, 1x1 H, OCHa-triazole), J = 4.5, 4.20 (d, OCHb-triazole), J = 2.2, 4.20 (d, 
OCHb`-triazole), J = 2.2, 3.90 (t, 2x2 H, OCH2), 3.78 (ddd, 2x1 H, H-5), 
3
J5,6a = 2.0, 
3
J5,6b 
= 9.90, 3.60 (s, CH2-benzyl), 3.05 (t, 2x2 H, CH2N), 2.10, 2.04, 2.01, 1.98 (4x s, 8x3 H, 
Ac), 1.78 (p, 2x2 H, B-CH2), 1.47 (p, 2x2 H, ∞-CH2), 1.38-1.34 (m, 8H, bulk-CH2), 
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0.93 (t, 2x3 H, CH3). 
13
C NMR (100MHz, CDCl3) 170.67, 170.18, 169.34, 169.39 (8x 
COO), 160.45 (2x C-benzene), 144.05 (C-triazole), 139.95 (C-benzene), 123.58 (CH-triazole), 
107.19 (2x CH-benzene), 100.05 (CH-benzene), 99.98 (2x C-1), 72.78 (2x C-3), 71.89 (2x C-
5), 71.20 (2x C-4), 68.30 (2x C-2), 68.09 (2x OCH2), 62.90 (2x C-6), 61.75 (2x OCH2-
triazole), 59.24 (CH2-benzyl), 54.17 (2x CH2N), 48.69 (2x CH2-triazole), 31.60 (ω-2), 29.25 
(bulk-CH2), 25.752 (B-CH2), 22.60 (ω-1), 20.77, 20.65, 20.59 (8x CH3CO),  14.04 
(CH3). 
7.2.3.14 General procedure for de-acetylation 
The acetylated surfactant was carried out using methanol as solvent and treated 
with a catalytic amount of NaOMe. TLC revealed complete conversion after 4 hours 
stirring at room temperature. The catalyst was neutralization by Amberlite IR120 
(H
+
) and then the solvent was evaporatord to give the final surfactant 
 
7.2.3.14.1 4,4'-Bis(2ʹ-hydroxypropyl--D-glucopyranosyloxy)-2,2-bis(hexyloxy 
methyl)propane-1,3-diyl)bis(1H-1,2,3-triazole) (9) 
 
8 (2 g, 1.6 mmol) was reacted according to general procedure II to produce 9  
(1.4 g, 96 %) as brown syrup. 
1
H NMR (600 MHz, Pyridine 5d) 8.21 (s, 2x1 H, CH-
triazole), 4.91- 4.88 (bm, 4x1 H, H-1, CHa-triazole), 4.61- 4.44 (bm, 6x1 H, CHb-triazole, H-
5, H-6a), 4.28 – 4.15 (m, 6x1 H, H-6b, H-3, CHOH),  3.98 – 3.77 (m, 4x1 H; 2x2 H, H-
4, H-2; OCH2), 3.43 – 3.32 (bd, 4x2 H, CCH2O, OCH2-chain), 2.97 (bs, 2x2 H, CH2C) 
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1.46 (bs, 2x2 H, CH2), 1.21 (bd, 6x2 H, bulk-CH2), 0.71 (bs, 2x3 H, CH3). 
13
C NMR 
(100MHz, Pyridine 5d) 143.86 (C-triazole), 125.42 (CH-triazole), 105.08, 104.81 (C-1), 
78.32 (C-4), 78.20 (C-3), 74.92, 74.83 (C-2), 72.71 (CCH2O), 72.12 (OCH2-chain), 71.27 
(OCH2), 71.27 (CHOH), 69.55, 69.50 (C-5), 64.22, 62.37 (C-6), 53.69, 53.42 (CH2-
triaole), 43.69 (C-quaternary), 31.60 (ω-2), 29.78 (bulk-CH2), 27.75, 27.71 (CH2C), 
25.89 (B-CH2), 22.54 (ω-1), 13.91 (CH3). 
 
7.2.3.14.2 N,N-Bis((4,4'-bis(2ʹ-hydroxypropyl--D-glucopyranosyloxy)-1H-1,2,3-
triazol)methyl) tridecan-7-amine (11) 
10 (2 g, 1.7 mmol) was reacted according to general procedure II to produce 11 (1.4 g, 
98 %) as brown syrup. 
1
H NMR (CD3OD) δ= 7.98/7.58 (dbs, 2H, 2x CH-triazole); 
4.68-4.17 (m, 20H, 2x H-3,  2x H-4, 2x H-2, 2x H-1, 2x OCH2, 2x H-6a, 2x H-6b, 2x 
CH2-triazole); 3.94-3.25 (m, 9H, 2xH-5, CHOH, CH2N, NCH); 1.75 (mc, 20H, bulk-
CH2); 0.94 (s, 6H, 2x CH3). 
13
C NMR (CD3OD) δ= 155.70 (C-triazole); 131.89 (CH-
triazole);  103.31, 103.22 (2x C-1); 76.64, 76.50 (2x C-4), (2x C-3); 73.72, 73.64 (2x C-
2), (2x OCH2); 72.62 (2x CHOH); 70.43 (NCH); 70.16 (2x C-5); 61.28 (2x C-6); 52.20 
(2x CH2-triazole); 46.44 (2x triazole-CH2); 31.66, 31.30 (∞-2); 28.81, 28.78 (bulk-
CH2); 24.38 (B-CH2); 22.37, 22.20 (∞-1); 13.10, 12.98 (2x CH3). 
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7.2.3.14.3 N,N-(3,5-bis(hexyloxy)benzyl)-2-(4,4'-bis(-D-glucopyranosyl-
oxymethyl)-1H-1,2,3-triazol-1-yl)diethyl amine (13) 
12 (2 g,1.64  mmol) was reacted according to general procedure II to produce 13  
(1.4g, 97 %) as brown syrup. 
1
H NMR (400 MHz, Pyridine 5d) 8.04 (s, 2x1H, CH-
triazole), 6.72 (bs, CH-benzene), 6.65 (bs, 2x1 H, CH-benzene), 5.40, 5.20  (2x d, OCH2-triazole), 
J = 12.2,  5.08 (d, 2x1 H, H-1), 
3
J1,2 = 7.56, 4.58 (d, 2x1 H, H-6a), 
2
J6 = 11.7, 4.44 (bt, 
2x2 H, CH2-triazole), 4.40 (d, 1H, H-6b), 
2
J6 = 4.8, 4.37 (d, 1H, H-6b`), 
2
J6 = 4.88, 4.26 (d, 
4x1 H, H-3; H-5), 
3
J3,4; 5,6a =  6.6, 4.09 (bt, 2x1 H, H-2), 4.03- 3.98 (m, 2x1; 2x2 H, 
OCH2; H-4), 3.70 (s, CH2-benzyl), 3.03 (bt, 2x2 H, CH2N), 1.78 (bp, 2x2 H, B-CH2), 1.44 
(bp, 2x2 H, ∞ -CH2), 1.24 (bs, 8H, bulk-CH2), 0.82 (bt, 2x3 H, CH3). 
13
C NMR 
(100MHz, Pyridine 5d)  160.74 (2x C-benzene), 145.03 (C-triazole), 141.10 (C-benzene), 124.30 
(CH-triazole), 107.28 (2x CH-benzene), 103.87 (2x C-1), 100.72 (CH-benzene), 78.31 (2x C-4), 
78.26 (2x C-3), 74.88 (2x C-2), 71.36 (2x C-5), 67.98 (2x OCH2), 62.89 (2x OCH2-
triazole), 62.47 (2x C-6), 58.39 (CH2-benzyl), 53.73 (2x CH2N), 48.08 (2x CH2-triazole), 
31.53 (ω-2), 29.37 (bulk-CH2), 25.81 (B-CH2), 22.58 (ω-1), 13.91 (CH3). 
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7.3 Results and Discussion 
Three X-shape sugar-based surfactants (9, 11 and 13) were designed. Their 
synthetic pathway is shown in Scheme 7-1. The main challenge for X-shaped 
surfactants involving carbohydrates as hydrophilic domains is the combination of the 
carbohydrates with the double alkyl chain.  Click chemistry (Baier et al., 2012; Xu et 
al., 2009) provided a powerful synthetic tool in a modular synthesis by efficiently and 
reliably joining the two surfactant antipodes. The designed surfactants were targeted for 
the stabilization of particularly oil-in-water emulsions, emphasizing a similar geometry 
than Y-shape surfactants but with increased coverage of interphases by the hydrophobic 
domain. The synthesis of sugar azide precursors followed the approach towards 
Y-shaped surfactants, reported in chapter 3. The alkyne functionalized hydrophobic 
domain, on the other hand, based on core structures involving malonic acid, ammonia 
and a symmetrical functionalized benzene derivative. In the first approach dimethyl 
malonate was alkylated with propargyl bromide, followed by reduction of the two 
carbonyl groups with LiAlH4 to produce linker 1, which provided the hydrophobic 
domain precursor 2 upon alkylation with the surfactant hydrocarbon chains. More 
straightforward was the synthesis of the second hydrophobic building block. It was 
synthesized in two-step reaction, starting with a reductive amination of dihexyl-ketone 
with sodium cyanoborohydride (Manning et al., 2011) in  quantitative yield, followed 
by subsequent alkylation with propargyl bromide to produce the mono and bis-alkyne in 
yields of 17% and 61%, respectively.  The last building block originated from 3,5-
dihydroxy-benzoid acid. 3,5-Bis-(hexyloxy)-benzyl alcohol was prepared and 
converting the corresponding bromide by treatment with PBr3 following an analogue 
literature procedure (Cai et al., 2012b). The bromide was replaced by substitution with 
diethanol amine to provide the core of the hydrophobic domain.  
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Scheme  7-1: Synthesis of X-shape sugar-based surfactants.  
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Scheme  7-2: Synthesis of di-terminal alkyne and azide compounds as a hydrophobic part.  
The crude compound was tosylated to finally introduce azides at the position of 
the former hydroxyl groups, see Scheme 7-2. Unlike for the previous two building 
blocks, click coupling of this compound required an alkyne terminated sugar building 
block, which is easily found in propargyl glucoside (Du, Linhardt, & Vlahov, 1998). 
 The coupling of the surfactant antipodes proceeded by click chemistry in high 
yields. All surfactants, as well as their various respective precursors, were fully 
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characterized by NMR spectroscopy. The disappearance of resonance signals for the 
triplet between δ= 2.8 and 1.8 ppm, reflecting the terminal alkyne, was accompanied 
by a new peak around δ= 8.0 – 7.2 ppm, which indicates the triazole ring, as shown in 
Figures 7-2 and 7-3.  
 
Figure  7-2:  The evolution of 1H NMR spectra (400 MHz, CDCl3, 298 K) for acetylated 
surfactant precursor 10.  
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Figure  7-3:  The evolution of 1H NMR spectra (400 MHz, CDCl3, 298 K) for acetylated 
surfactant precursor 12.  
The identification of the structure elements for the final X-shaped surfactants 
was complicated due to striking ambiguities observed in both 
1
H and 
13
C NMR spectra, 
such as extensive regional spectral broadening, leading to insufficient resolution for the 
identification of the carbohydrate in the 
1
H NMR, seen Figure 7-4, as well as the vast 
number of 
13
C NMR signals in Figure 7-5. These features reflect a set on diastereomers, 
due to the presence of two ‘racemic’ centres in the surfactant product, originating from 
missing stereoselectivity for the epoxidation of allyl glucoside, which was already 
highlighted for Y-shaped surfactants in chapter 3. In order to enable assignments and 
distinguish the peaks, a heteronuclear (
1
H, 
13
C) multidimensional correlation NMR 
technique was applied, shown in Figures 7-6 – 7-9. 
 
3.54.04.55.05.5 ppm
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Figure  7-4:  The evolution of 1H NMR spectra (600 MHz, CDCl3, 298 K) for de-acetylated 
surfactant 9.  
 
 
 
Figure  7-5: The evolution of 13C NMR spectra (400 MHz, pyridine d5, 298 K) for de-acetylated 
surfactant 9.  
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Figure  7-6: The 2-D NMR correlation spectra (1H-13C-HSQC, 400 MHz, pyridine d5, 300 K) 
are displayed for de-acetylated surfactant 9 with complete peak assignments.  
 
 
 
Figure  7-7: Selected regions of interest 2-D NMR correlation spectra (1H-13C-HSQC, 400 MHz, 
pyridine d5, 300 K) are displayed for de-acetylated surfactant 9 with complete peak 
assignments. 
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Figure  7-8: The 2-D NMR correlation spectra (1H-13C-HSQC, 400 MHz, pyridine d5, 298 K) 
are displayed for de-acetylated  surfactant 13 with complete peak assignments.  
 
Figure  7-9: Selected regions of interest 2-D NMR correlation spectra (1H-13C-HSQC, 400 MHz, 
pyridine d5, 298 K) are displayed for de-acetylated  surfactant 13 with complete 
peak assignments.  
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7.4 Phase behaviour  
7.4.1 Liquid crystalline behaviour 
Water penetration scans under an optical polarizing microscope (Milkereit et al., 
2005; von Minden et al., 2000) were performed to provide information about the phase 
behaviour. All compounds were very viscous syrups, which did not exhibit 
birefringence, thus suggesting an isotropic phase for the pure surfactants. Upon contact 
with water, on the other hand, fine needles emerged, as shown in Figure 7-10. The 
observation of the formation of the same needle-type texture upon longer exposure to a 
humid environment illustrates a significant hygroscopic behaviour for the anhydrous 
surfactants. When sample 9 was contacted with 1-undecanol overnight, a texture 
emerged that most likely reflects an inverted hexagonal phase, see Figure 7-10 A (c). 
The penetration profile of 11 at 25 C was showing in Figure 7-10 B. As water 
penetrated, the sample does not show any solubility in water and immediately the big 
sizes of needle crystal started to form (Figure 7-10 B (a, b)). Typically, only inverted 
micellar solution was observed in 1-undecanol penetrated system (Figure 7-10 B(c)) and 
this reflects the dominant tail volume of the hydrophobic domain, which leads to a 
curving of surfactant assemblies towards the hydrophilic domain. When dried, the 
surfactant 13 could show lamellar phase, in weak observation of the birefringent region 
and there was no evidence of observation any other phase (Figure 7-10 C (a)).  During 
the contact with water, the sample was forming L1-normal micelle solution as showing 
in Figure 7-10 C (b), whereas reversing hexagonal phase was observed after prolonged 
time of penetration with 1-undecanol ((Figure 7-10 C (c)).  
7.4.2 Air-water interface behaviour and emulsion stability  
Since the critical micelle concentration (CMC) is considered a key feature for a 
surfactant, the surface tension for aqueous solutions of all three surfactants was 
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investigated systematically over a wide range of concentration. The determined values 
of the CMC at 25 C are presented in table 7-1. The surface tension above the CMC was 
found to be in the range of 32–36 mNm-1. This is considerably lower than the 
corresponding values for Y-shaped surfactants, see chapter 3, and can be explained with 
an increased coverage of the air-water interphase by the hydrophobic domain, which is 
split into two chains. The presence of a benzene ring decreases the CMC by about a 
decade. This trend is in line with analogue observations for Y-shape surfactants, and 
originates out of the hydrophobic effect of the aromatic linker.  
With exception of surfactant 11, all the surfactants exhibited good oil-in-water 
emulsion stabilities, requiring five days for separation of an emulsion in the absence of 
a polymeric stabilizer, as showing in Figure 7-11. The poor performance of surfactant 
11 as emulsifier can be related to the amine core of the hydrophobic domain, which 
already affected the emulsion stabilities for Y-shaped surfactants, see chapter 3.  
 
Table  7-1: CMC and surface tension at CMC. 
 
 Compound cmc (mM) γcmc (mN/m)  
9 4.6 36.4 
11 4.3 31.7 
13 0.12 31.6 
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A: OPM texture for surfactant 9 (a) texture of the pure sample (b) Water penetration scans (c) 1-undecanol penetrate at room temperature.   
. 
    
B: OPM texture for  surfactant 11, (a) texture of the pure sample (b) Water penetration scans (c) 1-undecanol penetrate at room temperature.   
(a) (b) (c) 
(a) (b) (c) 
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C: OPM texture for surfactant 13, (a) texture of the pure sample (b) Water penetration scans (c) 1-undecanol penetrate at room temperature.   
Figure  7-10: Microscopy images of lyotropic liquid crystalline phases viewed through crossed polarizers for X-shape sugar-based surfactant.  
(c) (b) (a) 
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Figure  7-11: Emulsion stability (O/W). 
7.5 Conclusion 
A series of X-shaped surfactants with carbohydrate hydrophilic doamins have 
been prepared by applying “click” coupling of functionalized precursors, leading to high 
reaction yields. Two of the compounds exhibited crystallization in needle shape upon 
water contact, including environmental humidity, while another appeared to form a 
micellar solution instead. The structural design of the surfactants led to an increase of 
the packing parameter, compared to the previously discussed Y-shape surfactants 
(chapter 3), thus stabilizing a lamellar phase for compounds involving an aromatic 
linker. The minimum surface tension of surfactant solutions decreases with respect to 
Y-shape analogues, reflecting a more efficient surface coverage of the hydrophobic 
domain. The previously reported CMC lowering effect of a benzene ring for Y-shaped 
surfactants was confirmed for X-shaped analogues. 
  
 
 
   9
 5d  5d
 11  13  13 11   9
≺  d
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 : Conclusion and recommendation for future work Chapter 8
8.1 Conclusions  
Click chemistry-based coupling enables an easy access to synthetic glycolipids. 
Variation of linkers in combination with either one or two linking triazoles enables a 
variety of different surfactant shapes, referring to molecular design based on the 
arrangement of hydrophilic and hydrophobic domains. The surfactants belong to the 
previously defined class of alkyl triazole glycosides (ATGs) (Sani et al., 2012), which 
in general exhibit similar surfactant behaviour to APGs (Nilsson et al., 1998), but 
provide a potential more economic approach due to reduced reaction temperature 
requirements and improved surfactant purity (Baier et al., 2012; Xu et al., 2009). 
  The primary focus of this research was the development of new sugar-based 
surfactants that retain the favourable attributes found in APGs, while varying their 
physical properties, e.g. enhancing their water solubility, and attempting to improve the 
synthetic access in terms of economic viability. In the attempt of the latter, the 
previously reported coupling strategy for ATGs (Sani et al., 2012) was reverted, to 
utilize a lipid based alkyne and an azide-containing glycoside. The latter is easily 
accessible based on the epoxidation of allyl glucoside followed by a ring-opening 
azidation. The major advantage of this approach is a potentially more direct access to 
the functionalized lipid component of the surfactant.  
Three distinctly different surfactant classes, i.e. Y-, reverse Y-, and X-shape 
surfactants, each of them comprising of a series of structurally different compounds, 
were synthesized and characterized. This enabled the investigation of the effect of the 
generic shape of a surfactant on its surface and emulsion properties. The presence of the 
additional hydroxyl groups in the spacer between the sugar ring and triazole linkage 
enhances the water solubility of surfactants, thus affecting the phase behaviour. 
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Glucose based ATGs of both Y- and X-shape exhibit good interaction with 
water but do not interact effectively with lipid-based oil, like methyl laurate. Most Y-
shape surfactants exhibited exclusively micellar solutions (L1-phase) but no liquid 
crystal phases. This reflects the good water solubility based on high curvature of the 
surfactant. X-shape surfactants, on the other hand, formed needle shaped crystals in 
contact with water. Although the X-shape surfactant also formed the micellar L1 phase, 
the phase behaviour in contact with water showed more diversity than the Y-shape 
analogues, involving lamellar phases. In contact with oil the reverse hexagonal H2 phase 
was observed. Low Krafft points, indicate both X- and Y-shape surfactants as 
potentially good emulsifiers Indeed, most of the investigated surfactants, including the 
reverse Y-shaped compounds exhibited good emulsion stabilities for an oil-in-water 
system. Exceptions, however, were compounds containing amine linkages. 
8.2 Recommendation  
The present work leads to the following suggestions for future work:- 
1-Study the effect of salinity on the micro emulsion system. This study may be 
expanded to compare the effects of different salts, such as NaCl, LiCl, NH4Cl, KI, 
CaCl2, MgCl2 and ALCl3, and varying ionic strength. 
2- Compare the emulsion behaviour of the surfactants for different types of oil, like 
vegetable and petrochemical oil with and without aromatic components. 
3- Vary the carbohydrate source and study the effect on the emulsion and surface 
behaviour of the surfactant. 
4- The current investigation indicates high solubility and low Krafft points for Y-and X-
shaped sugar-based surfactants. Since the investigation is limited to C12 hydrophobic 
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chains, it will be interesting to confirm this phenomenon for surfactants with different 
chain lengths.   
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Appendix B: NMR (
1
H and 
13
C/Pendant) spectra for unusual base-induced 
cyclization of dipropargylic systems to m-substituted 
toluenes 
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Appendix C: NMR (
1
H and 
13
C/Pendant) and maldi tof mass spectra for 
Unexpected mono-coupling “click chemistry’’ of di-
terminal alkyne  
 
 
 
 
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm
2
.0
0
2
2
.0
2
0
2
.0
3
8
2
.1
0
5
2
.5
5
2
3
.6
6
1
3
.6
6
7
3
.6
7
3
3
.6
7
9
3
.6
8
6
3
.6
9
2
3
.6
9
7
3
.7
0
3
4
.1
0
9
4
.1
2
7
4
.1
4
6
4
.1
5
2
4
.1
7
7
4
.1
8
3
4
.2
5
1
4
.2
6
2
4
.2
8
1
4
.2
9
3
4
.5
5
9
4
.5
6
4
4
.5
7
9
4
.5
9
6
4
.6
6
9
4
.6
7
5
4
.8
5
2
5
.0
4
5
5
.0
6
8
5
.0
8
3
5
.0
8
8
5
.1
0
6
5
.1
3
0
5
.1
5
8
5
.1
8
1
6
.5
5
3
1
4
.8
0
0
2
.0
2
9
1
.0
8
6
1
.8
9
7
1
.0
0
5
1
.6
9
4
4
.4
4
5
1
.0
0
0
3
.2
5
7
2
.9
4
4
3.63.84.04.24.44.64.85.05.25.45.6 ppm
200 180 160 140 120 100 80 60 40 20 0 ppm
2
0
.5
7
0
2
0
.5
8
1
2
0
.6
7
7
2
0
.7
3
5
5
5
.8
9
3
6
1
.9
0
1
6
8
.3
6
8
7
1
.2
8
5
7
2
.8
0
5
7
5
.8
0
0
7
8
.2
9
3
9
9
.2
5
4
1
0
1
.5
7
4
1
0
7
.2
3
3
1
3
9
.2
1
2
1
5
8
.7
6
0
1
6
9
.3
6
1
1
6
9
.3
9
4
1
7
0
.2
4
3
1
7
0
.6
7
4
195 
 
 
 
 
 
 
1.01.52.02.53.03.54.04.55.05.56.06.57.07.5 ppm
1
.5
1
8
1
.5
2
2
1
.5
3
6
1
.5
5
0
1
.6
0
4
1
.6
2
1
1
.6
3
7
1
.9
8
6
1
.9
8
9
1
.9
9
2
1
.9
9
6
2
.0
0
2
2
.4
7
4
2
.4
7
9
2
.4
8
5
2
.4
9
1
2
.4
9
8
2
.5
0
3
2
.5
1
0
3
.0
4
3
3
.0
6
1
3
.0
7
9
3
.3
2
2
3
.3
2
5
3
.3
2
9
3
.3
4
4
3
.3
6
2
3
.3
6
6
6
.4
1
8
1
2
.6
0
5
4
.1
8
0
1
.7
6
3
3
.8
2
0
1
.0
0
0
3
.8
4
7
200 180 160 140 120 100 80 60 40 20 0 ppm
1
3
.9
4
0
1
3
.9
9
0
2
1
.8
5
6
2
2
.5
5
1
2
2
.5
7
4
2
6
.5
3
9
2
6
.6
3
2
2
7
.6
8
3
2
9
.6
9
7
3
1
.5
1
7
3
1
.5
9
2
3
9
.8
1
9
4
6
.6
6
9
4
8
.2
6
6
7
0
.0
0
6
8
1
.4
6
1
1
7
2
.1
6
0
196 
 
 
 
 
 
 
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm
0
.7
8
5
0
.8
0
2
0
.8
1
9
1
.1
8
5
1
.1
9
1
1
.2
0
5
1
.2
2
4
1
.2
4
2
1
.3
8
6
1
.4
0
2
2
.3
4
6
2
.3
6
1
2
.3
7
7
2
.4
3
4
2
.4
4
0
2
.4
4
6
3
.4
6
5
4
.5
9
5
4
.6
0
1
6
.4
3
1
6
.5
8
7
6
.1
0
6
1
2
.2
4
0
4
.0
9
2
3
.6
9
4
1
.8
7
6
1
.5
9
9
3
.9
8
8
0
.9
2
9
1
.8
0
0
2030405060708090100110120130140150160170 ppm
1
4
.0
6
0
2
2
.6
6
9
2
6
.7
6
4
2
7
.1
1
6
3
1
.7
8
3
5
3
.7
6
0
5
5
.9
0
1
5
6
.0
6
9
5
8
.5
7
1
7
5
.4
2
7
7
8
.5
4
7
1
0
0
.9
1
2
1
0
8
.2
4
2
1
0
8
.7
9
2
1
1
1
.7
5
9
1
3
6
.9
6
5
1
5
8
.5
6
2
197 
 
 
 
 
 
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm
0
.8
2
9
0
.8
4
9
0
.8
6
7
0
.8
8
4
1
.2
9
6
1
.3
3
3
1
.8
6
9
1
.8
8
7
1
.9
0
3
4
.3
0
9
4
.3
2
7
4
.3
4
5
4
.6
0
4
5
.1
1
3
6
.4
8
3
6
.6
0
9
7
.6
3
0
6
.0
0
0
1
2
.4
1
6
3
.7
6
9
1
.0
1
9
3
.6
8
2
1
.5
6
8
3
.2
5
4
0
.8
5
0
1
.3
8
7
1
.7
1
2
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
1
3
.9
2
1
2
2
.3
7
7
2
6
.0
4
3
2
6
.1
2
1
3
0
.1
7
7
3
1
.1
0
3
4
0
.8
3
9
5
0
.4
9
8
6
1
.9
3
6
6
4
.6
2
0
1
0
0
.9
7
1
1
0
5
.7
9
6
1
0
5
.9
1
9
1
0
5
.9
6
4
1
2
2
.7
8
8
1
4
4
.1
9
2
1
4
4
.5
9
3
1
5
9
.4
3
3
198 
 
 
 
 
 
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 ppm
1
.8
7
9
1
.9
2
5
1
.9
5
0
2
.0
0
7
3
.6
1
4
3
.6
2
0
3
.6
2
6
3
.6
3
3
3
.6
3
9
3
.6
4
4
3
.6
5
0
3
.8
6
8
4
.0
3
9
4
.0
4
4
4
.0
6
9
4
.0
7
5
4
.1
4
1
4
.1
5
3
4
.1
6
5
4
.1
7
2
4
.1
8
4
4
.4
0
8
4
.4
2
8
4
.4
5
5
4
.4
6
3
4
.4
7
6
4
.4
8
4
4
.5
2
2
4
.5
3
1
4
.5
4
1
4
.5
6
6
4
.8
8
7
4
.9
0
7
4
.9
1
1
4
.9
3
1
4
.9
6
3
4
.9
8
7
5
.0
1
1
5
.0
8
1
5
.1
0
1
5
.1
2
5
6
.4
7
2
6
.5
7
7
6
.5
8
2
7
.6
3
8
2
6
.8
9
9
1
.8
1
5
1
.7
7
8
0
.9
1
0
1
.2
8
7
3
.7
6
7
1
.9
8
6
1
.9
8
5
1
.8
7
6
2
.4
0
5
1
.9
2
7
2
.5
7
3
5
.7
9
9
1
.0
0
0
1
.8
8
1
1
.5
2
4
2030405060708090100110120130140150160170 ppm
2
0
.5
5
2
2
0
.6
6
2
2
0
.7
0
7
2
0
.8
0
8
5
0
.0
8
4
6
1
.6
4
9
6
1
.7
4
1
6
1
.8
1
0
6
4
.8
2
5
6
7
.6
8
7
6
8
.2
3
0
7
0
.9
3
9
7
1
.9
3
4
7
2
.4
5
3
1
0
0
.4
5
5
1
0
1
.0
2
5
1
0
5
.8
2
3
1
2
4
.2
6
5
1
4
3
.7
4
7
1
4
4
.1
0
4
1
4
4
.1
3
3
1
5
9
.5
0
2
1
6
9
.4
2
3
1
6
9
.4
4
7
1
6
9
.4
9
9
1
6
9
.9
8
1
1
7
0
.1
3
3
1
7
0
.2
5
8
199 
 
 
 
 
 
M+H 
N
C6H13
C6H13
O
OH
OH
N
N N
O
AcO
AcO AcO
O
OAc
 M+K
 M+Na
O
AcO
OAc
AcO
O
OAc
HO
O
O N
N
N
N
N N
O
OAc
AcO
AcO
O
OAc
200 
 
 
 
  
OH
N
N OHN
N
N
O
N
C6H13 C6H13
N
OAcO
AcO
AcO
O
OAc
O
OAc
OAcAcO
O
OAc
OH
N
N
CH
O
N
C6H13
C6H13
N
O
AcO
AcO
O
OAc
201 
 
Appendix D: NMR (
1
H, 
13
C/Pendant and HMQC) spectra for the effect of 
aromatic groups on the behaviour of reverse Y-shaped sugar-
based surfactants 
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Appendix E: NMR (
1
H, 
13
C/Pendant and HMQC) spectra for a new class 
design of X-shape sugar-based surfactants by “click” 
chemistry and studies their self-assembling 
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Figure S10:  The evolution of 
1
H NMR spectra (600 MHz, CDCl3, 298 K) for de-
acetylate X3 surfactant.  
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